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S trep to co ccu s b o v is  was f r e q u e n tly  is o la te d  d u rin g  
p re lim in a ry  s tu d ie s  on th e  c u l tu re  o f b a c te r ia  from  th e  runen 
o f c a t t l e .  T his b acte rium  was loiown to  o ccu r in  th e  mouth 
and fa e c e s  o f c a t t l e  and had a lre ad y  been i s o la te d  from  th e  
rumen, b u t no s tu d ie s  had been made of th e  nunbers o r th e  
frequency  of th e  occu rrence  o f  S tre p .b o v is  in  rumen c o n te n ts .
The nunbers o f S tre p , bovis in  th e  rumen o f a  h e i f e r  
and a  s t e e r ,  each having a  permanent f i s t u l a ,  were u s u a lly  between 
105 and 107 p e r  ml. and th e re  was l i t t l e  v a r ia t io n  i n  th e  counts 
in  th e se  anim als from  day to  day o r between p e rio d s  o f  s t a l l  
o r  p a s tu re  fe e d in g . A s ig n i f ic a n t  in c re a se  in  th e  nunbers of 
S tr e p , bov is  o ccu rred  during  the  f i r s t  two hours a f t e r  each fe e d  
when th e  anim als were s t a l l - f e d  and th en  th e  nunbers g ra d u a lly  
d ec reased  u n t i l  th e  n e x t meal. S tre p , b o v is  was n o t d e te c te d  
in  th e  fe e d  and i t  was concluded th a t  th e  in c re a se  in  S tre p , 
b o v is  a f t e r  feed ing  was due to  m u lt ip l ic a t io n  i n  th e  rumen.
Rumen co n ten ts  from  f r e s h ly  s la u g h te re d  c a t t l e  and 
sheep from  w idely  s e p a ra te d  a re as  o f S co tlan d  and from  g o a ts  
from  th e  I n s t i t u t e  h e rd  were a ls o  examined. The numbers o f 
S tre p .b o v is  p re s e n t in  th e  rumen co n ten ts  o f th e  c a t t l e  and 
g o a ts  w ere o f th e  same o rd e r as  in  th e  f i s t u l a  an im als. I n
sheep th e  number o f  S trep  .b o v is  was u s u a lly  lower th a n  in  th e  
c a t t l e .  Exam ination o f  th e  rumen co n ten ts  o f  c a lv e s  showed 
t h a t  S trep  .b o v is  u n lik e  most ty p es  o f  rumen b a c te r ia  can 
become e s ta b lis h e d  in  th e  rumen in  th e  absence o f  rou ^ iag e  in  
th e  d i e t .  The p resen ce  o f  S trep  .b o v is  in  th e  fa e ce s  o f  c a t t l e  
was confirm ed , and th e  organism  was a lso  i s o la te d  from  th e  
fa e c e s  o f  th e  h o rs e .
When rumen l iq u id  c o l le c te d  2  h r  . a f t e r  fe e d in g  was 
o
in cu b ated  in  v i t r o  a t  39 C .w ith  th e  a d d itio n  o f  m a lto se , th e  
numbers o f  S trep  .b o v is  in c re a se d  ra p id ly  in  4  h r . .  In  th e  
p resen ce  o f  s ta r c h  g ra in s  l i t t l e  growth o f  S trep  .b o v is  
o c cu rred  in  4  h r .  a lth o u g h  good growth was o b ta in ed  a f t e r  
24 h r .  In  th e  absence o f  added carbohydrate  th e  number o f  
S trep  .b o v is  rem ained c o n s ta n t .  The breakdown o f  i n t a c t  
s ta r c h  g ra in s  by S trep  .b o v is  was confirmed in  pu re  c u ltu re  
by th e  e s tim a tio n  o f  th e  amount o f  th e  s ta r c h  g ra in s  decomposed 
and by m ic ro sco p ica l exam ination o f  th e  decomposing g ra in s .
The fo rm atio n  o f  io d o p h ilic  po ly sacch arid e , in  th e  
c e l l s  o f  S trep  .b o v is  was dem onstrated  and shown to  o ccu r d u rin g  
grow th on media c o n ta in in g  s ta r c h ,  d e x tr in  o r  m altose  b u t  n o t 
g lu c o se , su c ro se , o r  s ta r c h  in  th e  presence  o f  g lu c o se .
- i i i  -
The i s o la t io n  in  pure  c u ltu re  o f  a Or am-po e i t i v e  
n o n -sp o rin g  ro d , p o s s ib ly  a  C orynebacterium , and o f  sm all 
numbers o f  L a c to b a c i l l i  i s  described*  B a c te r ia  o f  th e  c o l i -  
aerogenes and P ro te u s  groups were e i th e r  ab se n t or p re s e n t in  
o n ly  sm all numbers in  th e  rumen l i q u id .  P re lim in a ry  s tu d ie s  
i n  th e  i s o la t io n  o f  s t r i c t l y  anaero b ic  b a c te r ia  from  th e  rumen 
w ere n o t su c c e ss fu l a lth o u g h  good grow th, i n  mixed c u l tu r e ,  
was o b ta in ed  w ith  ce llu lose-decom posing  b a c te r ia  u s in g  th e  
method o f  S i jp e s te i jn  (1948) •
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GSKEBAL UmODUSTION.
The m icro-organism s in  th e  rumen o f  c a t t l e  and 
o th e r  rum inan ts  com prise many d i f f e r e n t  ty p e s  o f  b a c te r ia  and 
p ro to z o a  some o f  which a re  now reco g n ised  to  make an im p o rtan t 
c o n tr ib u tio n  to  th e  d ig e s t io n  and a s s im ila t io n  o f  food by 
th e  h o s t  (N u tr i t io n  A b s tra c ts  and Reviews, 1947-48)* O thers  
occur in  such sm all numbers t h a t  th e i r  fu n c tio n a l  s ig n if ic a n c e  
m ust b e , a lm ost in e v i ta b ly ,  n e g lig ib le  w hile  some o f  th e  micro­
organism s a re  so u n su ite d  to  th e  environm ent in  th e  rumen 
t h a t  th e y  a re  c le a r ly  unab le  to  m u ltip ly  th e re  and consequently  
t h e i r  numbers must be d e riv ed  from some so u rc e , e x te rn a l  to  
th e  rumen, such a s  th e  food in g e s ted  by th e  h o s t*  The l a s t  
group o f  m icro-organism s i s  u n lik e ly  to  p a r t i c ip a te  in  th e  
fu n o tio n s  in  th e  rumen o r  to  have any e f f e c t  upon th e  balance  
o f  m icro-organism s and i s  th e re fo re  o f  l i t t l e  im portance in  
a  s tu d y  o f  rumen b a c te rio lo g y *  On th e  o th e r  hand , a  m icro­
organism  t h a t  i s  o f  fu n c t io n a l  s ig n if ic a n c e  in  th e  rumen must 
n o t ,  O f n e c e s s i ty  be assumed to  b e n e f i t  th e  h o st*  C erta in  
p ro c e sse s  p e r fo rmed by th e  m ic r o —organism s may n o t ,  i n  f a c t ,  
be advantageous*
Any m icro-organism  t h a t  p a r t i c ip a te s  in  th e  
chem ical r e a c t io n s  which ta k e  p la c e  in  th e  rumen i s  im p o rtan t
-  2 -
and i t s  im portance i s  enhanced i f  i t  can be shown t h a t  i t s  
p a r t i c ip a t io n  i s  o f  v a lu e  to  th e  h o s t .  C onsiderab le  
d i f f i c u l t y  has been ex p erien ced , however, in  a s se s s in g  th e  
im portance o f  in d iv id u a l ty p e s . This i s  due to  th e  com plexity  
o f  th e  p o p u la tio n  and to  th e  f a c t  t h a t  most o f  th e  d i f f e r e n t  
sp e c ie s  o f  m icro-organism s have d e fie d  a l l  a ttem p ts  to  i s o l a t e  
them in  pu re  c u l tu r e ,  and hence th e i r  numbers and th e i r  
b iochem ica l r e a c t io n s  a re  n o t known. While i t  i s  u n lik e ly  
t h a t  th e  s ig n if ic a n c e  o f  an  in d iv id u a l ty p e  o f  rumen micro­
organism  can be com pletely  a sse sse d  by means o f  any s in g le  
c r i t e r i o n ,  m ic ro sco p ica l methods in  some in s ta n c e s  have been 
o f  g r e a t  v a lu e .
M icroscop ica l methods were used by Ankersm it a s  
e a r ly  a s  I905  to  a s s i s t  i n  a s s e s s in g  th e  s ig n if ic a n c e  o f  th e  
spore—form ing ce llu lose-decom posing  ro d s  which he had i s o la te d  
from  th e  rumen. He observed  t h a t  in  f r e s h  rumen c o n ten ts  ro d s  
were n o t a s s o c ia te d  in  la rg e  numbers w ith  decomposing c e l lu lo s e  
and hence concluded t h a t  th e  spore-form ing  ro d s  t h a t  he had 
i s o la te d  were un im p o rtan t. In  s p i te  o f  t h i s  e a r ly  example o f  
th e  c r i t i c a l  v a lu e  o f  m ic ro sco p ica l m ethods, th e y  f e l l  in to  
d isu se  u n t i l  Henneberg (1922} d e sc rib ed  co cc i a s s o c ia te d  w ith  
decomposing c e l lu lo s e  and s ta r c h  and drew a t te n t io n  to  t h e i r
-  3 -
c h a r a c te r i s t i c  w ine-red  to  b lu e  s ta in in g  re a c t io n  w ith  io d in e  
( io d o p h ile  r e a c t io n ) .  He concluded, in  agreem ent w ith  
Anker s m it, t h a t  sp o re-fo rm ing  ro d s  were n o t th e  Tnann c e l lu lo s e -  
decomposing b a c te r ia  in  th e  rumen b u t he b e liev ed  t h a t  th e y  
m ight be im p o rtan t in  th e  i n t e s t i n e .
Using m ic ro sco p ica l tech n iq u es  Baker and h i s  co- 
w orkers o bserved , in  d e t a i l ,  th e  m ic ro b ia l f a c ie s  in  th e  caecum 
o f  th e  h o rs e , r a b b i t  and g u in e a -p ig  and in  th e  rumen o f  c a t t l e  
and sheep* Much o f  t h i s  work h a s  been review ed by Baker & 
H a rrie s  (1947-48) • Baker (1943) emphasised th e  im portance o f  
io d o p h ile s  in  th e  decom position o f  c e l lu lo s e ,  s ta r c h  and o th e r  
c a rb o h y d ra tes  in  th e  rumen. He d is tin g u ish e d  between th o se  
io d o p h ile s  t h a t  a re  ^ fix ed *  to  v eg e tab le  p a r t i c l e s  and th o se  
t h a t  a re  u n a ttach ed  o r  " f r e e " .  The f ix e d  io d o p h ile s  were 
reg a rd ed  a s  b e in g  th e  ones m ainly  a sso c ia te d  w ith  cel lu lo s e  and 
s ta r c h  decom position* The d i s t in c t io n  i s  r a th e r  a r b i t r a r y  
s in c e  a l l  " fix ed *  organism s must have been ^ f re e w a t  some tim e 
p re v io u s ly , and u l t im a te ly  when decom position h as advanced 
s u f f i c i e n t ly  th e y  w i l l  become ^free** a g a in . A lso , i t  seems 
im p o ssib le  t h a t  th e  ra p id  decom position o f  c e l lu lo s e  and o th e r 
m a te r ia l  in  th e  rumen could  occur u n le ss  la rg e  numbers o f  " f re e "
-  4  -
organism s were p re s e n t  in  th e  rumen co n ten ts  read y  to  a t ta c k  
th e  food im m ediately  a f t e r  i t  had been in g e s te d  by th e  h o s t .
Baker f u r th e r  d i f f e r e n t ia te d  th e  io d o p h ilic  m icro- 
f l o r a ,  acco rd ing  to  s i z e ,  in to  macro- and m ic ro -ty p es . 
M icro -io d o p h ile  c o cc i and v ib r io s  were b e lie v ed  to  i n i t i a t e  
th e  a t t a c k  on c e l lu lo s e  (Baker & H a r r is s ,  1947-48) and to  be 
th e  most im p o rtan t s ta r c h  decomposers (B aker, 1943; Baker & 
H a r r is s ,  1947-48)•
V arious re fin e m e n ts  o f  m icroscop ica l methods were 
a p p lie d  by Baker to  th e  s tu d y  o f  th e  rumen m icro-organism s • 
Among th e se  were c e r ta in  s ta in in g  methods to  f a c i l i t a t e  th e  
o b se rv a tio n  o f  c e l lu lo s e ,  s ta r c h  and o f  a s so c ia te d  b a c te r ia  and 
a ls o  th e  use  o f  p o la r is e d  l i g h t  to  r e v e a l ,  by d if fe re n c e s  in  
t h e i r  b ir e f r in g e n c e , a re a s  o f  decomposed and undecomposed 
c e l lu lo s e  and s ta r c h .  D e sp ite  th e se  re fin em en ts  i t  must s t i l l  
be ad m itted  t h a t  f o r  two rea so n s  th e  v a lu e  o f  m icros c o p ie d  
methods a s  a  means o f  a s s e s s in g  fu n c tio n a l s ig n if ic a n c e ,  i s  
l im i te d .  F i r s t l y ,  organism s in  a  mixed p o p u la tio n  can be 
a s s o c ia te d  w ith  a  p a r t i c u la r  fu n c tio n  by m ic ro sco p ica l methods 
o n ly  i f  t h i s  fu n c tio n  o r some s p e c i f ic  r e s u l t  o f  i t  can be 
o b se rv ed . I t  i s  n o t  s u r p r is in g ,  th e re fo re ,  t h a t  th e  methods 
have been a p p lie d  m ainly  and most s u c c e s s fu lly  to  c e l lu lo s e
-  5 -
and s ta r c h  decomposers t h a t  a t ta c k  a  p a r t i c u la t e  s u b s t r a te .  
Secondly , most taxonom ically  d i f f e r e n t  ty p e s  o f  b a c te r ia  can 
n o t  a s  y e t  be d i f f e r e n t ia te d  by m ic roscop ica l m ethods.
Hungate (1947, *950), S i jp e s te i jn  (1948), G all & 
Huhtanen (1951) and o th e r  w orkers have a ttem p ted  to  a sse ss  
th e  s ig n if ic a n c e  o f  d i f f e r e n t  ty p es  o f  b a c te r ia  in  th e  rumen 
by r e l a t i n g  coun ts found by c u l tu r a l  methods to  t o t a l  o r d i r e c t  
m icroscop ic  counts o f  th e  rumen m icro-organism s. G all & 
Huhtanen (195^) have reco g n ised  t h a t  counts from  one anim al a re  
in ad eq u a te  and t h a t  fo r  a  r e l i a b l e  e s tim a te  o f  th e  in c id en ce  
o f  an organism  coun ts  from  anim als in  d i f f e r e n t  g eo g raph ica l 
lo c a t io n s  a re  n e c e ssa ry . In  a d d i t io n ,  G all & Huhtanen
co n sid ered  t h a t  a  m icro-organism , p re s e n t in  th e  rumen in
£
numbers l e s s  th a n  10 p e r m l.canno t be s ig n i f i c a n t .  An 
e s tim a te  o f  th e  numbers o f  b a c te r ia  i s  e s s e n t ia l  to  th e  
p ro p e r assessm en t o f  th e  s ig n if ic a n c e  o f  a  rumen m icro­
organ ism , b u t u n fo r tu n a te ly  many e r ro r s  a re  invo lved  in  
c o u n tin g  rumen b a c te r ia  and th e se  must be considered  
b e fo re  any conclusions can be drawn from  th e  r e s u l t s .
P ro b ab ly  th e  most fundam ental e r ro r  a s s o c ia te d  w ith  d i r e c t  
co u n ts  i s  caused by th e  c o m p l e t e l y  unknown number o f  dead
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m icro-organism s w ith in  th e  t o t a l .  Another e r r o r ,  a s so c ia te d  
w ith  bo th  d i r e c t  counts and colony co u n ts , i s  in tro d u ced  by 
th e  number o f  m icro-organism s th a t  a re  a tta c h e d  to  v eg e tab le  
m a tte r  and a re  in p o s s ib le  to  coun t by e i th e r  c u l tu r a l  o r 
d i r e c t  m ethods. T h is , a s  w i l l  be r e a l i s e d  from  th e  fo reg o in g  
b r i e f  m ention o f  th e  d i s t in c t io n  drawn by Baker between ^Cree* 
and ^fixed*  io d o p h ile s  must invo lve  in  p a r t i c u la r  any counts 
o f  m icro-organism s t h a t  d e r iv e  t h e i r  n u tr ie n ts  d i r e c t ly  from  
v e g e ta b le  m a tte r .  G a ll, S ta rk  & L o o sli ( I 947) reduced t h i s  
e r r o r  in  bo th  d i r e c t  and v ia b le  counts by shak ing  th e  rumen 
co n ten ts  beforehand  to  remove b a c te r ia  from  th e  fe e d  and o b ta in ed  
coun ts  t h a t  were u s u a l ly  g re a te r  th an  th o se  o b ta in ed  by o th e r 
w o rk ers .
I f  a  s ta in in g  method i s  used to  make m icro-organism s 
ap p a ren t fo r  d i r e c t  m ic ro sco p ica l co u n ts , an  e r r o r  i s  in tro d u ced  
by th e  number o f  organism s t h a t  do n o t s t a in  a d eq u a te ly , s in ce  
no s t a i n  i s  known t h a t  can be tak en  up by a l l  th e  d i f f e r e n t  
ty p e s  o f  m icro-organism s o f  al l  ages in  such a  d iv e rs e  p o p u la tio n  
a s  t h a t  i n  th e  rumen* While dark  ground i l lu m in a tio n  overcomes 
t h i s  d i f f i c u l t y  i t  in tro d u c e s  one o f  i t s  own, nam ely, th e  
d i f f i c u l t y  o f  d is t in g u is h in g  between d e b r is  and m icro -o rgan ism s. 
N egative  s ta in in g  w ith  n ig ro s in  has  been used by G all e t  a l .  (1947)
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and Xfoir ( 195^)* L i l i a n s  & 1/bir ( 195^) have s ta te d  t h a t  
th e  n ig ro s in  covers th e  v e ry  sm all b a c te r ia  and th e re b y  re n d e rs  
them u n co u n tab le .
The s ig n if ic a n c e  o f  a  m icro-organism  is o la te d  from  
th e  rumen can be a sse sse d  by comparing th e  fu n c tio n s  t h a t  i t  
perform s w ith  th e  fu n c tio n s  o f  th e  t o t a l  rumen b a c te r ia  
(E lsden & P h i l ip s o n , 1948; Joh n s, 195^ a |.  This has been done 
by Johns (l95*a , b ,  c) who found t h a t  V e i l lo n e l la  gazogenes. 
an  organism  i s o la te d  from th e  rumen co n ten ts  o f  sheep , was a b le  
to  d ecarb o x y la te  su c c in a te  to  p ro p io n a te  r a p id ly  a t  an optimum 
pH o f  6 .0 .  In  rumen c o n te n ts  su cc in a te  was found to  be 
decarb o x y la ted  r a p id ly  to  p ro p io n a te  a t  a  s im ila r  optimum pH. 
These and o th e r  r e s u l t s  su g g es t t h a t  V e il lo n e lla  gazogenes 
p la y s  a  s ig n i f i c a n t  r o l e  in  th e  rumen. Johns a lso  showed 
co n v in c in g ly  t h a t  in  th e  same r e a c t io n  P ro p io n ib a o te r ia  were 
w ith o u t s ig n if ic a n c e .  T h e ir r e a c t io n  r a t e  was slow and t h e i r  
optimum pH was 5*0 -  5*2*
I n p l i c i t  in  th e  assessm en t o f  th e  s ig n if ic a n c e  o f  
a  m icro-organism  i s  i t s  prim ary  i s o la t io n  in  pure  c u l tu r e .
2/So s i  o f  th e  sp e c ie s  o f  m icro-organism s t h a t  fu n c tio n  in  th e  
rumen a re  c lo se ly  adap ted  to  t h e i r  environm ent and few o f  them
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have been grown in  pu re  c u l tu r e .  The success  t h a t  has been 
ach ieved  by Hungate ( I 947 ) and S i jp e s te i jn  ( I 9 5 I} has been due 
c h ie f ly  to  th e  c lo sen ess  w ith  which th ey  copied t h i s  env iron­
m ent. T heir c u ltu re s  were b u ffe red  w ith  CO2- b icarb o n ate  and 
w ere s t r i c t l y  an aero b ic  and , i n  a d d it io n , th e  medium prepared  
by Hungate co n ta in ed  s t e r i l e  rumen c o n te n ts . F u rth e r p ro g ress  
may e n t a i l  a  s t i l l  c lo s e r  copy o f  bo th  th e  p h y s ic a l  and chem ical 
a s p e c ts  o f  t h i s  environm ent.
, The p rim ary  o b je c t  o f  th e  p re s e n t in v e s t ig a t io n  was 
to  determ ine  th e  c o n d itio n s  o f  th e  chem ical and p h y s ic a l 
environm ent t h a t  would adm it pure  c u l t iv a t io n  o f  m icro-organism s 
t h a t  m ight be in p o r ta n t  in  th e  rumen so t h a t  th e se  b a c te r ia  
and t h e i r  r e a c t io n s  could  th en  be s tu d ied  and t h e i r  c o n tr ib u tio n  
to  th e  p ro c e sse s  in  th e  rumen a s se s se d . D uring p re lim in a ry  
in v e s t ig a t io n s  media were used t h a t  were known to  be s u i ta b le  
f o r  th e  growth o f  c e r ta in  ty p es  o f  m icro-organism s which had 
been i s o la te d  from  th e  a lim en ta ry  t r a c t  o f  anim als o r w hich, 
from  a c o n s id e ra tio n  o f  t h e i r  growth re q u ire m e n ts , m i^ it  be 
expected  to  be capable  o f  growth in  th e  rumen. A ttem pts were 
made to  c u l t iv a te  c e l lu lo s e  decomposers under co n d itio n s  
re sem b lin g  more c lo s e ly  th o se  in  th e  rumen b u t th e y  were d is ­
con tinued  when th e  s u c c e ss fu l experim ents o f  Hungate and
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S i j p e s te i jn  were p u b lish e d .
D uring th e  course o f  t h i s  p re lim in a ry  work S tre p , 
bo v is  was r e g u la r ly  is o la te d  from rumen co n ten ts  and a lthough  
i t  was r e a l i s e d  t h a t  th e  sm all numbers o f  t h i s  organism  alm ost 
p rec lu d ed  th e  p o s s ib i l i t y  t h a t  i t  p layed a  s ig n i f ic a n t  r o le  
in  th e  rumen th e  organism  seemed to  be s u f f i c i e n t ly  in te r e s t in g  
in  i t s e l f  to  w arran t f u r th e r  s tu d y . This view re c e iv e d  su p p o rt 
from  a  s im ila r  o p in io n  expressed  by E lsden  {1945-46) in  
connec tion  w ith  an organism  which was is o la te d  by Van der Wath 
and which ap pears  to  have been S trep  .b o v is .
A survey  o f  th e  l i t e r a t u r e  showed t h a t  a lthough  
s tr e p to c o c c i  had been is o la te d  on s e v e ra l  occasions from th e  
rumen o f  c a t t l e  t h e i r  id e n t i f i c a t io n  w ith  S trep  .b o v is  was 
o f te n  im possib le  because o f  th e  inadequate  methods o f  c l a s s i f i c a ­
t io n  used by th e  e a r l i e r  w orkers . The predom inant s tre p to co c c u s  
in  th e  rumen was id e n t i f i e d  by K reipe in  I927  a s  S trep  .b o v is .  
There was l i t t l e  in fo rm atio n  concerning th e  r e g u la r i ty  w ith  
which S tre p  .b o v is  o ccu rred  in  th e  rumen, th e  p o s s ib le  v a r ia t io n  
in  i t s  numbers and w hether i t  could m u ltip ly  th e re  o r  was sim ply 
a  passen g er in tro d u ce d  w ith  th e  fo o d . An a ttem p t to  p rov ide  t h i s  
in fo rm atio n  was made and i s  re p o rte d  in  P a r t  1 o f  t h i s  t h e s i s .  
P a r t  2 i s  concerned m ainly w ith  s tu d ie s  o f  th e  way in  which t h i s
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organism  fu n c tio n s  i n  th e  rum en, and in  P a r t  3 ‘the r e s u l t s  o f  
a ttem p ts  to  i s o l a t e  th e  rumen b a c te r ia  a re  p resen ted#
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P a r t  1
The Incidence  o f  S trep tococcus Bovis in  th e  Rumen 
o f  F is tu la  C a t t le  and in  F resh ly  S lau g h te red  C a t t le .
Sheep and Goats and in  C alv es .
In tro d u c tio n .
Winslow & Palm er ( I9 I0 ) and F u l le r  & Armstrong ( I9 I 3 ) 
no ted  t h a t  th e  predom inant s trep to co ccu s  in  cow dung d if f e r e d  
from  t h a t  in  th e  fa e c e s  o f  man o r h o rse  by i t s  a b i l i t y  to  ferm en t 
r a f f in o s e  and i t s  f a i l u r e  to  ferm ent m a n n ito l. In  19*9 0 r 3a- 
Jen sen  d e s ig n a ted  th e  p redom inating  s trep to co ccu s  in  cow dung 
S trep tococcus fcovfl-s and showed th a t  i t  was a  v e ry  a c t iv e  
decomposer o f  s ta r c h .  Ayers & Mudge ( 1923} i s o la te d  th e  same 
m icro-organism  from  bo th  th e  mouth and th e  fa e c e s  o f  c a t t l e .
S tre p to c o c c i term ed S trep tococcus a c id i—l a c t i c i  were 
i s o la te d  from  th e  rumen o f  c a t t l e  by Ankersm it ( I 9 0 5 ) and from 
th e  rumen o f  sheep by Henneberg ( 1919) ♦ ^  *9^7 ®re^Pe u s^nS
G rla -J e n se n ’s  c l a s s i f i c a t i o n  o f  th e  S tre p to c o c c i found t h a t  th e  
p redom inant s trep to co ccu s  in  th e  rumen o f  c a t t l e  was S tr e p .b o v is . 
X reipe  i s o la te d  t h i s  s trep to co ccu s  from  24 s lau g h te re d  c a t t l e
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which came from Germany and Denmark and which had been e i th e r  
s t a l l -  o r p a s tu re - fe d  b e fo re  s lau g h te r  • Counts o f  th e  organism  
were n o t  given* A s trep to co ccu s  which appears to  be S trep  .b o v is  
was i s o la te d  by Van der Wath (1948) from  decomposing s ta r c h  
g ra in s  t h a t  had been suspended in  a  s i l k  bag in  th e  rumen o f  
sheep* T h is  method o f  i s o la t io n  d id  n o t a llow  counts o f  th e  
organism  to  be made*
The in v e s t ig a tio n s  d e sc rib ed  in  P a r t  1 o f  t h i s  th e s i s  
were concerned w ith  th e  numbers o f  S trep  .b o v is  in  a  h e i f e r  and 
a  s t e e r ,  each hav ing  a  perm anent rumen f i s t u l a ,  and in  s lau g h te re d  
c a t t l e ,  c a lv e s , sheep and g o a ts .  The f i s t u l a  a nima ls  were 
used to  t r a c e  th e  numbers o f  S trep  .b o v is  p re s e n t  i n  th e  rumen 
th ro u g h o u t th e  day and a t  d i f f e r e n t  p e rio d s  o f  th e  y e a r .  The 
purpose o f  u s in g  s lau g h te re d  anim als was to  f in d  w hether th e  
numbers o f  S trep  .b o v is  in  th e  f i s t u l a  an im als were s im ila r  to  
th o se  found g e n e ra lly  in  c a t t l e  and o th e r ty p es  o f  rum inan ts 
which had been m ain tained  in  w idely  sep a ra ted  a r e a s .
E xperim en ta l Methods.
1 • Sampling o f rumen contents.
U nless o therw ise  s ta te d  th e  rumen l iq u id  used in  
th e  experim ents h e re  d e sc rib ed  was o b ta ined  from  two an im a ls ,
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a  h e i f e r  (Daphne) and a  s te e r  (E rn e s t) , each having a perm anent 
rumen f i s t u l a .  A t f i r s t  th e  f i s t u l a  in  each anim al was c lo sed  
w ith  a  m etal tu b e  and screw cap (W atts, 1948), b u t th e se  f itm e n ts  
were heavy and allow ed l iq u id  co n ten ts  to  escape e s p e c ia l ly  
w h ile  th e  an im als were a t  g r a s s ,  so t h a t  th ey  were l a t e r  
re p la c e d  by rubber f itm e n ts  (B alch & Johnson, 1948J. The 
ru b b e r f itm e n ts  c o n s is t  o f  a tube  which was l e f t  in  p o s it io n  
d u rin g  sam pling , and an in n e r ’core* t h a t  was removed during  
sam pling and a fte rw a rd s  re tu rn e d  to  p o s i t io n  and f i t t e d  
t i g h t l y  by in f la t io n *  These f i tm e n ts  were l i g h t  and allow ed 
o n ly  v e ry  s l i g h t  escape o f  rumen con ten ts*
The normal d i e t  o f  th e  an im a ls , when th ey  were s t a l l -  
fe d  c o n s is te d  o f  3 l b  .c o n c e n tra te s  (m ainly o a t s ,  beans and d r ie d  
g ra s s )  and 10 lb * s tra w  fed  a t  8 a .m .; and 3 lb  .c o n c e n tra te s  
and 10 lb  .hay  a t  6 p.m .
Samples o f  rumen co n ten ts  were tak en  from w e ll in s id e  
th e  rumen u s in g  a  sm all aluminium cup and were t r a n s fe r r e d  to  
a  vacuum f la s k  which was u s u a lly  f i l l e d  to  c a p a c ity  (1 ,100 m l.) 
and th e n  t i g h t l y  co rked . The rumen co n ten ts  were s t r a in e d  
th ro u ^ i  b u t te r  m uslin  to  remove coarse  p a r t i c l e s  and th e  r e s u l t i n g  
rumen l iq u id  was examined im m ediately . A p o r t io n  o f  th e  rumen
Table 1,
Composition o f  media uaed fo r p la te s .
Medium CoiQjjo s i t io n  ( 1̂ Water Other Agar
pH
(a f te r  s te r ­
Iteptme Lemco Ifeastrel tosredlaits ( %) i l i s a t io n )
Standard
agar 0.5 0.3 Tap 1.5 7.2
Starch
agar o .5 0.3 - D is t­
i l l e d
Soluble 
s ta rch  1̂
1.5 6.8  -  7.0
M^Tlr ftgffr 0.5 - 0.3 D ist­
i l le d
Milk H
(vA)
1.5 6.8  -  7 .0
(ELucose
agar
0 .5 mm 0 .3 D ist­





l iq u id  was p re se rv ed  fo r  l a t e r  m ic ro sco p ica l exam ination by 
th e  a d d itio n  of 5Qo (v /v )  fo rm alin  in  th e  r a t i o  o f 9 mL.of 
rumen l iq u id  to  1 m l.o f fo rm alin  g iv in g  a f i n a l  c o n ce n tra tio n  
o f 2fo form aldehyde. Samples from th e se  anim als were taken  
between 10 a.m. and 11 a.m. u n le ss  o therw ise  s ta te d .
2. Enum eration of S tre p .b o v i3 .
A ll counts were made on s t r a in e d  rumen l iq u id  th u s  
excluding  a l l  b a c te r ia  which were lodged on th e  la rg e r  food 
p a r t i c l e s .
D ilu tio n s  o f th e  rumen l iq u id  were p rep a red  in  
q u a r te r - s t r e n g th  R in g e r’ s so lu tio n  u s in g  a  f r e s h  s t e r i l e  
p ip e t te  f o r  each d i lu t io n  (1  m l.to  9 m l.o f  d i lu e n t ) .  S u ita b le  
d i lu t io n s  were p la te d  in  d u p lic a te  on th e  re q u ire d  medium 
and in cu b a ted  fo r  3 days a t  37°C .in  a i r  or in  a M cIntosh and 
F ild e s  type  anaerob ic  j a r  which had been evacuated  and f i l l e d  
w ith  th e  re q u ire d  gas (carbon  d io x id e , hydrogen c r n itro g e n ) . 
S tre p .b o v is  grew eq u a lly  w e ll in  a i r  or carbon d io x id e  and 
carbon d io x id e  was used  to  p reven t th e  grow th of o b lig a te  
aerobes in c lu d in g  spare-fo rm ing  b a c i l l i .
No a p p re c ia b le  d if fe re n c e  was found between th e  
colony counts o f S trep  .b o v is  on s ta n d a rd , m ilk , g lucose or 
s ta r c h  agar (T ab le  1 ) b u t i t  soon became apparen t th a t
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S trep * b o v is  grew f a s t e r  and gave la r g e r  co lo n ies  on b o th  
g lu co se  and s ta r c h  agar th an  on s tan d a rd  agar* S ta rc h  agar 
was e v en tu a lly  used , f i r s t l y ,  because i t  was thought th a t  i t  
m ight be more s e le c t iv e  than  g lucose  f o r  S tre p ,b o v is , and 
seco n d ly , because some in d ic a tio n  of th e  numbers of S trep*bov is 
cou ld  be o b ta ined  by flo o d in g  a s ta r c h  agar p la te  w ith  io d in e  
when, i f  no s ta r c h  h y d ro ly s is  became ap p aren t, i t  could be 
concluded th a t  S trep*bov is was absent*
An attem pt to  supp ress th e  growth o f th e  few o th e r 
types of m icro-organism s which accompanied S tre p , bovis by 
in cu b a tio n  of th e  s ta r c h  agar p la te s  a t  A5° in s te a d  of 37°C. 
was not su c c e ss fu l as some co lo n ies  o f sh o r t  rods were a lso  
capab le  of growth a t  45°G.
The co lo n ie s  were counted w ith  a  M attick  and H iscox 
counting  chamber, a V’ d iam eter hand le n s  and a t a l l y  co u n te r .
3* I s o la t io n  and id e n t i f i c a t io n  of S trep .b o v is*
The ty p es  of m icro-organism s which had grown on 
th e  p la te s  were determ ined as fo llow s
A p la te  in  which th e  co lo n ies  were s u i ta b ly  s e p a ra te d  
(u s u a lly  one th a t  had been used  f o r  th e  v ia b le  count) was d iv id e d  
in to  segments and from  a  random p a i r  of o p p o site  segments a l l  th e  
co lo n ies  were su b cu ltu red  to  tubes of b ro th . The sp ec ie s  of m icro-
- 1 6 -
organism s p re s e n t in  th e  rumen l iq u id  in  numbers too  sm all to  
be re p re se n te d  in  th e  d i lu t io n  o f  rumen l iq u id  used in  th e  
p re p a ra t io n  o f  th e  p la te  were n o t d e tec te d  by t h i s  method 
o f  exam ination*
The f in e  growth o f  S trep  .b o v is  in  th e  standard  
b ro th  which was used a t  f i r s t  was d i f f i c u l t  to  d e te c t  and, 
l a t e r ,  su b cu ltu res  were always made to  g lucose  b ro th  in  which 
S trep  .b o v is  grew r a p id ly  and gave a  dense t u r b i d i ty .  This 
medium h ad , however, one d isadvantage  which was n o t r e a l i s e d  
a t  f i r s t .  The v i a b i l i t y  o f  S trep*bovis in  g lucose b ro th  was 
r a p id ly  l o s t  a f t e r  24 h r  . a t  J]0C.&n&> con seq u en tly , t r a n s f e r s  
had to  be made w ith in  18 hr*  This lo s s  o f  v i a b i l i t y  was shown 
to  be due to  th e  s e n s i t iv i ty  o f  S trep  .b o v is  to  th e  a c id i ty  
produced in  th e  medium (Appendix to  P a r t  1, p .46) •
Each su b cu ltu re  was re p la te d  on g lucose  o r s ta rc h  
agar and a  s in g le  w e l l- is o la te d  colony p icked  to  a  g lucose agar 
slope*  When b o th  th e  m acroscopical and m ic ro sco p ica l appearance 
o f  th e  growth was uniform , th e  c h a r a c te r i s t ic s  o f  th e  organism s 
were determ ined and t h e i r  id e n t i ty  e s ta b lis h e d  where p o ssib le*  
The s tre p to c o c c i were c la s s i f i e d  acco rd ing  to  Sherman 
(1937) • The p ro d u c tio n  o f  ammonia was determ ined in  th e  
a rg in in e  medium o f  N iven, Smiley & Sherman (1942), in s te a d  o f
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i n  & 4 $  peptone ‘b ro th  a s  g iven  by Sherman {1937) • The sugar 
and o th e r  fe rm en ta tio n  r e a c t io n s ,  th e  V oges-Proskauer, methyl 
re d  and o th e r  t e s t s  were perform ed u s in g  th e  methods and media 
g iven  in  most tex tbooks o f  p r a c t ic a l  b a c te r io lo g y  such as 
Mackie and McCartney (1942) and need n o t be given  in  d e t a i l  
here*
The s t r a in s  o f  S trep  *bovis i s o la te d  du rin g  th e  p re se n t 
in v e s t ig a t io n  showed l i t t l e  v a r ia t io n  in  t h e i r  c h a r a c te r i s t i c s ,  
a  d e s c r ip t io n  o f  which i s  g iven  below:
Morphology* Cocci 0*6 to  1*0 p. i n  d iam eter o ccu rrin g  u s u a lly  
i n  p a i r s  b u t a lso  in  s h o r t  chains; c e l l s  o v a l o r when in  
ch a in s  o f te n  f la t te n e d  a t  a d ja c e n t su rfaces*
Growth re q u ire m e n ts* In  s tandard  b ro th  th e  organism  grew 
p o o rly  (v e ry  s l i g h t  a lm ost u n d e tec tab le  tu r b id i ty  in  24 h r . a t  
37°C*1, b u t growth was markedly enhanced in  th e  p resence o f  
g lucose*  In  g lucose b ro th  th e  organism  gave v i s ib le  t u r b i d i ty  
a t  3 7 °C .a fte r 8 h r .  and a f t e r  24 h r . i t  gave a  dense tu r b id i ty  
w ith  sedim ent* In  24 h r* a t 37°C .growth was j u s t  v i s ib l e  on 
s tan d a rd  agar b u t on g lucose o r  s ta rc h  ag ar co lo n ie s  were 
1 - 2  mm.in diam eter* Good growth was ob ta ined  on g lucose  
o r  s ta r c h  agar p la te s  under both  ae ro b ic  and s t r i c t l y  anaerob ic  
c o n d itio n s ; no growth occu rred  a t  1% 5^C.but good growth
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a t  30°C.to 45°C.
Biochem ical r e a c t io n s . I b s t  s t r a in s  f a i le d  to  produce any 
change in  litm u s  m ilk  h u t a  few s t r a in s  produced s l ig h t  a c id  
o r  a c id  w ith  c lo t  and re d u c tio n  o f  th e  l i tm u s .
A ll s t r a in s  f a i le d  to  grow in  g lucose b ro th  in  th e  
p re sen ce  o f  6*5$ NaCl; on ly  ve ry  o ccas io n a l s t r a in s  grew in  
4 $  NaCl b u t a l l  s t r a in s  grew in  th e  p resence o f  2$  NaCl. A ll 
s t r a in s  f a i l e d  to  produce c a ta la s e ,  to  reduce 0 .1 $  methylene 
b lu e  in  m ilk , to  l iq u e fy  g e l a t i n ,  to  produce ammonia from  
a rg in in e  o r  in d o le  from  peptone; n i t r a t e  re d u c tio n  to  n i t r i t e  
was v a r ia b le ;  s ta rc h  was hydro lysed  and a e sc u lin  s p l i t ;  th e  
Voge s-E ro skauer t e s t  fo r  ace to  in  was f re q u e n tly  b u t n o t in ­
v a r ia b ly  w eakly p o s i t iv e  and th e  m ethyl re d  t e s t  was p o s i t iv e .
Acid was formed from g lu co se , l a c to s e ,  su c ro se , 
m a lto se , r a f f in o s e ,  a ra b in o se , s a l i c in  and in u l in  b u t n o t from 
g ly c e ro l  o r m an n ito l. About 75$ s t r a in s  f a i l e d  to
produce a c id  from s o r b i to l .
P r e c ip i t i n  r e a c t io n .  Using e x tra c ts  o f  S trep  .b o v is  p repared  
acco rd in g  to  th e  techn ique  o f  Shattock  ( I949) no p r e c ip i t in  
r e a c t io n  was o b ta ined  w ith  Bfellcome Brand Group D serum.
C o n tro l t e s t s  w ith  e x tr a c ts  o f  a  ty p ic a l  s t r a in  o f  S trep  . f a e c a l i s  
were p o s i t iv e  w ith  t h i s  serum . The d i f f i c u l t y  o f  p rep a rin g  s e ra
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w ith  S trep  .bov is has been noted  by Shattock  and in  th e  p re s e n t  
s tudy  no a ttem p t has been made to  o b ta in  S trep  .bov is  s e ra .
Prom th e  fo reg o in g  d e s c r ip t io n  i t  i s  obvious t h a t  
th e  s t r a in s  i s o la te d  from th e  rumen were ty p ic a l  s t r a in s  o f  
S trep  .b o v is  acco rd in g  to  th e  c la s s i f i c a t io n  o f  Sherman (1937)* 
They do n o t show th e  v a r i a b i l i t y  in  c h a r a c te r i s t ic s  such a s  
th e  h y d ro ly s is  o f  s ta rc h  o r th e  fe rm en ta tio n  o f  in u l in  and 
m annito l which was noted in  s t r a in s  from o th e r  sou rces by 
Abd-el-M alek and Gibson (1947-48), Shattock (^949) a^d Sherman 
(1937) • The a b i l i t y  to  hyd ro lyse  s ta rc h  ra p id ly  i s  a  c o n sta n t 
f e a tu re  which h as been re ta in e d  even a f t e r  th e  organism s have 
rem ained in  s to ck  la b o ra to ry  c u ltu re  in  litm u s  m ilk  fo r  long  
p e r io d s •
4 .  Q u a n tita tiv e  e s tim a tio n  o f  th e  t o t a l  b a c te r ia l  
m io ro flo ra  o f  th e  rumen.
An a ttem p t was made to  f in d  a  method o f  e s tim a tin g  
th e  t o t a l  number o f  ’f r e e 1 b a c te r ia  in  th e  rumen l iq u id  in  
o rd e r t h a t  changes in  th e  numbers o f  S trep  .b o v is  and in  th e  
’t o t a l 1 m ic ro flo ra  m ight be r e l a t e d .
(a ) D ire c t  c o u n ts .  D ire c t  m icroscopic counts seemed to  o f f e r  
th e  g r e a te s t  chance o f  su cc e ss . S ta ined  smears were p repared  
u s in g  v a rio u s  dyes b u t th e y  proved u n s a tis fa c to ry  owing to
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th e  v a ry in g  a f f i n i t y  o f  th e  d i f f e r e n t  ty p es  o f  b a c te r ia  fo r  
th e  dyes • ‘N eg a tiv e1 s ta in in g  was th en  a ttem pted  by a method 
s im ila r  to  t h a t  used by G a ll, S ta rk  & L oosli ( I947 ) . Samples 
o f  rumen l iq u id  o f  a t  l e a s t  1 l i t r e  were o b ta in e d . The 
s tra in e d  l iq u id  was thoroughly  shaken, 9 nl•rem oved and 
fo rm alin  added to  g ive  a  f i n a l  co n cen tra tio n  o f  2^  form aldehyde. 
The fo rm alised  sample was shaken 25 tim es in  12 seconds, each 
excu rsion  being  1 f t .  S e r ia l  d i lu t io n s  were p repared  u sin g  
1 ml .o f  th e  suspensions and 9 ml . d i s t i l l e d  w a te r . Rumen l iq u id  
d i lu te d  500 tim es u su a lly  con tained  th e  most s u i ta b le  number o f  
m icro-organism s fo r  th e  count (an  average o f  1 0 - 2 0  b a c te r ia  
per f i e ld )  b u t d i lu t io n s  o f  100 o r 1,000  tim es were a lso  u sed .
1 ml .o f  a  s u i ta b le  d i lu t io n  o f  th e  rumen l iq u id  and 0 .2 5  m l. 
n ig ro s in  (Nkckie & IfcCartney, I942 ) were g e n tly  mixed and 
im m ediately two a l iq u o ts  o f  0.01  ml .were spread  over two 
d i f f e r e n t  a re a s  o f  5 sq.cm #etched on a  g la s s  s l i d e .  The 
s l id e  was l e f t  on a  f l a t  su rfa ce  a t  room tem peratu re  u n t i l  th e  
smears were d ry . The number o f  m icro-organism s in  50 f i e ld s  
on each smear was determ ined . D if f ic u l ty  was experienced  in  
d ec id in g  which o f  th e  sm all c le a r  a re a s  observed a g a in s t  th e  
d a rk  n ig ro s in  background were b a c te r ia  such a s  sm all c o cc i and 
which were m erely sm all h o le s  o r  n o n -b a c te r ia l  p a r t i c le s  in  
th e  background o f  n ig ro s in .  W illiam s & 1/bir (195*1 u s in g  a
Table 2 .
D ire c t  counts o b ta in ed  by ‘n e g a tiv e 1 atanrring  
o f  d i lu te d  rumen l iq u id  w ith  n ig ro s in  u s in g  
15 smears and counts on 10 f i e l d s  ijer sm ear.
Smears 1 2 3 4 3 6 7 8 9 10 11 12 13 14 15
No .o f 19 25 23 29 18 21 20 13 *7 14 23 24 15 14 23
b a c te r ia 24 19 14 20 14 11 12 9 21 17 24 21 17 19 19
per f i e l d 14 *7 15 19 14 13 15 15 17 15 28 21 19 18 16
*9 21 *9 12 11 *7 18 12 24 12 25 28 17 14 22
15 33 9 11 16 9 20 16 19 10 33 21 13 20 17
16 17 23 13 13 16 13 23 16 12 24 21 16 24 12
16 15 *9 6 9 19 14 13 24 16 23 25 10 16 11
24 24 24 15 8 8 16 9 19 *9 24 23 11 15 16
15 37 17 15 11 11 22 23 16 12 38 34 11 18 17
*5 24 21 11 17 17 17 17 20 13 28 21 14 13 22
T o ta l in  
10 f i e l d s 177 232 184 151 131 142 167 152 193 142 272 241 145 171 173
A n a ly sis  o f  V ariance .
Source o f  
v a r ia n c e
D egrees o f  
freedom





r a t i o
T o ta l 14? 3278 33 .4
Between smears 14 2364 168.8 7 .8 5
W ith in  sm ears <35 2914 21 .5
Table 3 .
D ire c t  counts on a  sample o f  rumen l iq u id  
u s in g  IQ smears and coun ting  50 f i e l d s .
Smears 1 2 3 4 3 6 7 8 9 10
N o.o f b a c te r ia 9 21 8 8 10 7 3 13 5 22
p e r  f i e l d 16 20 15 5 6 13 4 8 6 17
23 7 11 9 5 7 4 7 3 13
12 7 12 8 9 8 7 5 8 9 j
15 8 2 5 9 7 7 8 4 8
I
8 1 7 9 3 6 6 4 1 5
10 7 8 3 7 9 3 5 11 10
10 6 7 12 12 12 3 19 8 19
10 17 9 11 5 13 12 6 13 16
9 6 10 7 3 8 8 12
8 6 8 7 ? 8 3 8 I7 6 .
15 6 12 12 6 7 13 9 4 13
10 5 11 14 9 91 8 5 5 11
14 7 10 8 7 14 8 4 12 13
14 13 8 8 7 13 8 3 2 12
8 12 21 10 4 8 6 4 8 10
7 11 21 10 5 17 3 9 1 12
7 7 11 8 3 8 9 7 9 6
7 7 9 13 1 12 lo 11 2 5
4 18 13 14 9 10 7 8 3 7
3 14 9 14 5 9 7 12 5 11
3 16 8 13 10 7 6 8 9 1o
11 10 8 12 10 16 8 5 5 10
12 13 9 9 8 11 5 8 15 10
12 2 12 17 12 *9 12 3 9 11
11 8 10 12 8 8 6 7 4 8
to 8 11 10 7 14 9 11 7 14
16 4 6 22 6 15 7 7 9 9
9 11 12 14 3 10 5 5 8 12
15 20 2 7 5 2 9 3 12 11
10 8 2 7 18 7 3 15 12 7
14 8 10 7 19 10 5 9 5 10
11 20 5 9 18 5 5 12 2 9
21 11 7 6 11 lo 5 10 4 10
12 13 7 6 11 13 12 9 10 6
9 8 11 10 11 7 9 12 2 18
12 15 3 9 10 11 5 7 9 7
4 10 1 12 11 7 4 18 7 5
13 13 2 8 9 lo 4 6 7 10
11 13 5 8 8 7 4 8 9 6
16 6 1 9 13 8 7 13 8 2
10 11 4 7 9 10 6 8 12 7
10 9 4 12 15 7 5 9 6 9
15 13 8 13 14 4 6 11 6 5 \
1o 15 7 20 12 12 7 8 10 3 \
11 12 7 11 10 9 5 7 18 8 \
8 10 6 9 7 9 3 4 2 9 \
10 9 12 22 6 4 4 12 6 3
21 8 4 27 6 6 7 6 7 11 1
10 17 15 16 11 6 11 1? 4 T o ta l _ I
T o ta l in  58
326 406 4546f i e l d s 556 527 426 542 440 471 372 480
Mean c t . / f i e l d 11.1 1 0 .5 8 .5 10.8 8 .8 9 .4 6 .5 8 .1 7*4 9*6 9*1
C o e f f ic ie n t
36 4 6o f  v a r i a t io n 38 4 5 52 43 44 37 40 55 44
Count ~ 1 0 V
mL .rumen
12.7 15*f 14.5 19 .2 17*8l iq u id 22.1 2 0 .5 16.6 21.1 17.2 18.4
- •• ; . 'x . - • — ^ — — y
A n a ly sis  o f  V ariance,
Source o f  D egrees o f  Stun o f  Mean V ariance
v a ria n c e  freedom  Squares square  r a t i o  ^
T o ta l 499 8768
Between sm ears 9 1017 f t 3*0 7*^5 ^ 0.001
W ith in  smears 490 775^ 13»81
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s im ila r  method no ted  th e  im p o ss ib ility  o f  d i s t in g u is h ing between 
a r t e f a c t s  and cocc i le s s  th an  0*5 p- i*1 d iam eter, b u t th e y  
deoided  n e v e r th e le s s  t h a t  although th e i r  counts were low , th e  
method was v a l id  fo r  com parative purposes*
To t e s t  th e  r e p ro d u c ib i l i ty  o f  th e  count a  s e r ie s  o f  
15 sm ears was prepared  from one sample and 10 f i e ld s  p e r  smear 
counted  (Table 2)« The a n a ly s is  o f  v a rian ce  showed th a t  th e re  
was a  s ig n i f ic a n t  d if fe re n c e  between th e  d i f f e r e n t  smears*
A second s e r ie s  o f  10 smears was prepared from ano ther sacp le  
o f  rumen l iq u id  and 50 f i e ld s  per smear counted* The counts 
p e r  f i e l d  and th e  a n a ly s is  o f  v a rian ce  a re  g iven  in  Table 3> 
from  which i t  can be seen th a t  a  s ig n if ic a n t  d if f e re n c e  
occu rred  ag a in  between th e  smears and a lso  t h a t  th e  c o e f f ic ie n t  
o f  v a r ia t io n  fo r  a l l  500 f i e ld s  was 46$* The c o e f f ic ie n t  o f  
v a r ia t io n  ranged  from 36 to  55$ f ° r  th e  f i e ld s  in  th e  in d iv id u a l  
smears*
D ire c t counts were made on samples o f  rumen co n ten ts  
t h a t  had been c o lle c te d  a t  in te r v a ls  over a  p e rio d  o f  13 months 
from  b o th  th e  f i s t u l a  an im als . The mean counts per ml .o f  rumen 
l i q u id  on 16 sam ples from  Daphne and 9 san p le s  from  E rn e s t were 
(27 +, I7 .7 ) x  10^ and (24 + 29 . 6 ) x  10^ r e s p e c t iv e ly .  These 
f ig u r e s  a re  o f  th e  same o rder as  th o se  found by G a ll, S ta rk  &
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l o o s l i  (I947) fo r  lo  samples o f  th e  l iq u id  f r a c t io n  o f  th e  
rumen c o n te n ts  o f  c a t t l e ,  i . e .  (76  + 10 . 3 ) x  10^ .
F u rth e r doubt was c a s t  on th e  v a lu e  o f  th e  d i r e c t  
coun t when i t  was used in  th e  p re se n t in v e s t ig a t io n  to  determ ine 
th e  t o t a l  count b e fo re  and a f t e r  in  v i t r o  in c u b a tio n  o f  samples 
o f  rumen l iq u id  co n ta in in g  added m alto se . Thus, th e  d i r e c t  
coun t by th e  n ig ro s in  method d id  n o t appear to  in c re a se  du rin g  
in c u b a tio n  fo r  4  h r  .a lthough  th e  amount o f  p ro te in  n itro g e n  
(determ ined  by Dr*M.L.IfeNaught in  th e  B iochem istry  Department} 
in c re a se d  ap p rec iab ly
Samole
No*
D ire c t  count 
( *  io9")/na.
0 h r .  4  h r .
In c rease  in  o ro te in  
n itro g en  (msr.N/lOO ml.}
1 3 .2 3 .4 8.77
2 4 .3 3 .9 9*05
3 4 .2 3 .4 4 .1 4
Although G a ll, S ta rk  & L o osli (1947) and W illiam s
& Moir ( I 9 5 I} have bo th  used d i r e c t  counts to  e s tim a te  th e  t o t a l  
b a c te r ia  o r  changes in  th e  t o t a l  b a c te r ia  in  rumen l i q u i d ,  th e  
nethod was n o t adopted  fo r  fu r th e r  use in  th e  p re s e n t  in v e s t ig a ­
t io n  f o r  th e  fo llo w in g  reaso n s
1. th e  d i f f i c u l t y  o f  d is t in g u is h in g  between a r t e f a c t s  and 
sm all co cc i under th e  m icroscope,
’ 23  ~
2 . th e  amount o f  v a r ia t io n  between counts in  d i f f e r e n t  
f i e l d s  in  a  smear and between d i f f e r e n t  smears from  th e  
same, s a n p le , and
th e  la c k  o f  c o r re la t io n  between th e  numbers o f  micro­
organism s d e tec te d  d u rin g  in  v i t r o  in c u b a tio n  o f  rumen 
l iq u id  and th e  in c re a se  in  p ro te in  n itro g e n  due to  
b a c te r i a l  m u l t ip l ic a t io n .
(b j T u rb id im e trie  e s tim a tio n . The p o s s ib i l i ty  was exp lored  
o f  e s tim a tin g  tu rb id im e tr ic a l ly  th e  changes o f  th e  t o t a l  popula­
t io n  in  rumen l iq u id  u s in g  a  Spekker a b so rp tio m e te r. The 
e s tim a tio n s  were made on fo rm alised  samples o f  s tr a in e d  rumen 
c o n te n ts  a f t e r  v e g e ta b le  p a r t i c le s  had been removed by c e n t r i ­
fu g in g  a t  2,000 r .p .m .f o r  5 win* M icroscopical o b se rv a tio n  
on th e  r e s u l t in g  l iq u id  showed th a t  th e  p a r t i c u la te  m atte r 
p re s e n t was a lm ost e n t i r e ly  b a c t e r i a l .  McNaught, Sm ith,
Henry & Kbn ( I95O) had a lso  concluded, from th e  e s tim a tio n  o f  
th e  f i b r e  c o n ten t and m icroscop ica l o b se rv a tio n  o f  d r ie d  rumen 
b a c te r ia  which were p repared  from rumen l iq u id  a f t e r  i t  had 
been c e n tr ifu g e d  under th e  above c o n d itio n s , t h a t  th e  amount o f  
n o n -b a c te r ia l  p a r t i c u la te  m atte r was n e g l ig ib le .  The tu r b i d i ty  
o f  th e  c en tr ifu g e d  l iq u id  a f t e r  i t  had been d i lu te d  50 tim e s , 
was e s t in a te d  in  a  Spekker ab so rp tiom eter u s in g  v i o l e t  f i l t e r s
Table 4 .
The tu r b i d i ty  (a s  e x t in c t io n s )  o f  
c o n c e n tra tio n s  o f  th r e e  sam ples o f
rumen l i q u i d .
Bumen l iq u id  
(blL. / 5 0  ml .aqueous 
suspension)




0 .5 0. 11 0 .0 9 0 .1 4
0 .8 0 .1 7
1 .0 0 .2 2 0 .1 6 0 .2 8
1 .2 0 .2 5
1 .5 0 .33 0 .4 3
2 .0 0 .43 0 .3 4 O.5 6
2 .5 0 .5 4
3 .0 0 .6 4 0 .5 0
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and th e  r e s u l t s  were expressed  a s  e x t in c t io n s .
The co lou r o f  th e  rumen co n ten ts  v a r ie d  l i t t l e  ex cep t 
when th e  p ro p o rtio n  o f  g reen  food was c o n s id e ra b le . The rumen 
l i q u i d ,  d i lu te d  JO t im e s , was s t i l l  v e ry  tu rb id  b u t was a lm ost 
th e  same shade o f  g rey  i r r e s p e c t iv e  o f  th e  d i e t ,  and th e  e f f e c t  
o f  v a r ia t io n  in  th e  co lour o f  th e  rumen l iq u id  on t h i s  re a d in g  
o f  th e  Spekker abso rp tio m eter was n e g l ig ib le .
In  u s in g  th i s  method i t  was assumed t h a t  th e  
r e g re s s io n  o f  th e  Spekker read in g s  w ith  th e  v a r ia t io n  in  
t u r b i d i ty  o f  th e  rumen l iq u id  was l i n e a r .  To v e r i f y  t h i s  
assum ption  th e  Spekker re a d in g s  o f  v a rio u s  d i lu t io n s  o f  th e  
th re e  samples o f  rumen l iq u id  were measured by th e  method 
d e sc rib e d  above. A ll th e  samples o f  rumen l iq u id  were o b ta in ed  
from th e  f i s t u l a  an im a ls , samples 1 and 2  b e in g  ta k en  when th e  
an im als were s t a l l - f e d  and sample 3 From an anim al a t  g r a s s .
The r e s u l t s  a re  g iven  in  Table 4  and i i g .  1. There was a 
l i n e a r  r e la t io n s h ip  between th e  degree o f  d i lu t io n  o f  each 
sample o f  rumen l iq u id  and th e  tu r b id i ty  determ ined w ith  th e  
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E X T I N C T I O N  (E)
The e f f e c t  o f  d i lu t io n  on th e  tu r b id i ty  o f  th r e e  sam ples o f rumen
l iq u id .  The tu r b i d i ty  was m easured in  a  Sp@3dc@r a b so rp tio m e te r  (p©23)©
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BESULTS .
1* The V a ria tio n  Throughout th e  Year in  th e
o f  S trep tococcus Bovis in  th e  Rumen L iquid  o f  Two 
C a t t le  w ith  Rumen P L stu lae .
Samples o f  th e  rumen l iq u id  from th e  two f i s t u l a  
animal s were examined a t  in te r v a ls  between 20 /1 /48  and 14/7/51* 
The o b se rv a tio n  perio d  inc luded  p erio d s  when th e  anim als were 
a t  g ra ss  and when th ey  were s ta l l - f e d *  The samples from  th e  
rumen were u su a lly  taken  between 10 a.m . and 11 a .m ., b u t 
o c c a s io n a lly  th ey  were tak en  up to  12 noon* The counts were 
made alm ost in v a r ia b ly  on s ta rc h  agar incubated  in  carbon d io x id e  
and th e  numbers o f  S trep  *bovis were estim ated  a s  d e sc rib ed  on 
P*14.
The v a r ia t io n  in  th e  number o f  S trep  .b o v is  p e r m l.
rumen l iq u id  o re r  th e  whole o b serv a tio n  p e rio d  i s  shown in
P ig .2 . Almost a l l  th e  counts were w ith in  th e  lo g a rith m ic
ran g e  o f  5*5 to  7*0 fo r  E rn e s t and 5*0 to  7*0 fo r  Daphne.
One sample from  E rn e s t and th re e  samples from  Daphne fo r  which
4th e  coun ts  were recorded  a s  l e s s  th an  1 x  10 were n o t in c luded  
i n  th e  c a lc u la t io n  o f  th e  mean count* The geom etric  mean,


























S T A L L  G R AS S  S T A L L S T A L L  G R A S S
1948 1949
T A N  F E B  MAR.  A P R .  MAY v  O C T  NOV.  DEC.  T A N  F E B  MAR A P R .  MAY TUN.  TUL.  AU G  
S T A L L G R A S S GR AS S S T A L L S T A L L G R A S S
' X
XX *  X *
•  X
X
• X  •  X 
* '
X X




^ 4  0  M A R 1 A P R  ‘ MAY J i 3 n .  TUL A U 6  SEP.  O C T  NOV. DEC TAN.  FEB MAR A P R .  MAY TTJN T UL
DATE OF SAMPLING
p e r  m Uof ru n mThe nuafoers o f  StreptoQocgous
l iq u id  from  f i s t u l a  o a t t l e  194® -  Ju ly *  1951)
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Animal No .o f Strep .bovis/mL .rumen l iq u id
sa u r ie s Geometric mean Trqrtn Min-irmTm
Daphne 59 123 *  lo4 708 x  lo4 10 x  104
E rn e s t 55 2I9 x lo4 1148 x  104 28 x  104
On each o f  46 days two sam ples, one from each
a nimal ,  were taken  c o n se c u tiv e ly . E rn es t had th e  h ig h er S tre p , 
b o v is  count on 32 days and Daphne on 14 d ays. The mean S trep  .b o v is  
coun t fo r  th e  46 samples from E rn es t was 214 x  1Q4  and from Daphne, 
141 x  104 , th e  mean fo r  Daphne being  only  68$ o f  th e  mean fo r  
E r n e s t .  Thus, th e re  appeared to  be a  d e f in i te  tendency fo r  th e  
numbers o f  S trep  .b o v is  in  th e  rumen l iq u id  o f  E rn e s t to  be h ig h e r 
th an  th e  numbers in  Daphne.
(ft) The e f f e c t  o f  change o f  d i e t  on th e  numbers o f  S tre p .b o v is  
in  th e  rum^n l i q u id .  To in d ic a te  any seasonal f lu c tu a t io n s  in  th e  
numbers o f  S trep  .b o v is  in  th e  rumen, and th e  e f f e c t ,  i f  any , o f  
th e  change o f  d i e t  from s t a l l -  to  g ra s s -fe e d in g  and v ic e  v e r s a , 
san p le s  o f  rumen l iq u id  from th e  f i s t u l a  a n imal s  were examined 
a t  more f re q u e n t in te r v a ls  between 4 /8 /3 0  and 14 /7 /5  ̂  •
When th e  were s t a l l - f e d  t h e i r  normal d i e t  was
R a tio n  1 shown below . This was m odified (R ations 2 and 3) d u rin g  
p a r t  o f  th e  o b se rv a tio n  p eriod  in  connexion w ith  experim en tal 
work in  th e  B iochem istry D epartm ent. The r a t i o n s ,  a s  lb  .p e r  day ,
Table
The geom etric  mean and s tan d a rd  e r r o r  o f  th e
coun ts  o f  S trep to co ccu s bov ia  in  th e  rumen l iq u id  
o f  f i s t u l a  c a t t l e  on d i f f e r e n t  norm al d i e t s .
P e r io d Daphne E rn e s t
No.
Dura­
t i o n  
( days) D ie t
No .o f  
sanp- 
l e s
No .o f  S tre o . 
bov is
U  10* > /* U . D ie t
No .o f  
sanp- 
l e s
No .o f  S tre p , 
b o v is
(4  i c n / m u
G.M.* S .E .* G.M.*
1 83 Gtass 12 87 88 Grass 14 145 71
2 50 S ta l l -
fe d
iatdon 1 11 174 38
S t a l l -
fe d
N ation 1 11 235 101
3 69 * 2 7 275 87
n 3 7 389 118
4 72 " 3 8 178 57
n 2 9 209 64
5 50 Grass 8 63 100 Grass 7 214 70
* G«M« m Geom etric Msan 
SJS . s  S tandard  e r ro r  o f  th e  mean
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were made up as fo llo w s
N ation 1 2 3
Straw 6 6 6
Hay 10 lo lo.
O ats a* i f
Beans i f <4-
D ried g ra s s i f —
The d if f e r e n c e s  in  so lu b le  carb ohydrates  and s ta r c h  e q u iv a le n t 
between N atio n s  1 , 2  and 3 were sm all and were n o t expected 
to  have any ap p rec iab le  e f f e c t  on th e  nd or o f  l o r  a .
The lo g  .co u n ts  o f  S trep  .b o v is  p e r  ml .o f  th e  rumen 
l iq u id  sanp led  from  4 /8 /5 0  to  14/7/51 a re  shown in  ELg.3* The 
o b se rv a tio n s  were made in  f iv e  consecu tive  p e r io d s .  In  P e rio d s  
1 and 5  bo th  anim als were o u t  in  th e  sane f i e l d  a t  g r a s s ,  and 
in  P e rio d s  2 , 3 an(* 4  th e  an im als were housed and were fed  
th e  th re e  r a t io n s  whose com positions a re  in d ic a te d  above. The 
geom etric  mean counts fo r  each p e rio d  a re  g iven  in  Table 5*
In  one sample o f  rumen l iq u id  from Daphne d u rin g  p e rio d  5 
(g r a s s ) no co lo n ie s  o f  S trep  .b o v is  were d e tec te d  on th e  p la te s  
from  th e  10 d i lu t io n  o f  th e  rumen c o n te n ts , b u t fo r  th e  
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S trep  ♦bovis. th e  number in  t h i s  sample was reco rd ed  a s  1 x  10^ 
a lth o u g h  i t  may have been much lo w er. The numbers o f  S trep  .b o v is  
i s o la te d  from Daphne in  P e rio d s  1 and 5 tended  to  be low er th an  
th o se  o b ta in ed  in  th e  s t a l l - f e d  r a t i o n s .  However, w ith  th e  
ex cep tio n  j u s t  m entioned a l l  th e  counts f e l l  w ith in  th e  normal 
range  o f  iQp -  10^ (shown in  P ig .2} and t h i s  d if fe re n c e  had 
p robab ly  no s ig n if ic a n c e .  The counts on samples from E rn es t 
d id  n o t d i f f e r  w hether th e  anim al was a t  g ra ss  o r was s t a l l - f e d .
(b) The e f f e c t  o f  th e  d i e t  on th e  1 to ta l*  b a c te r ia  in  
th e  rumen l i q u id .  D uring P e rio d s  1 to  5 *** e s tim ate  o f  th e  
b a c te r i a l  p o p u la tio n  a s  in d ic a te d  by th e  t u r b i d i ty  o f  th e  
c e n tr ifu g e d  suspension  o f  th e  b a c te r ia  ( p .23) was o b ta in e d , 
and th e  r e s u l t s  a re  shown in  P ig .4 .  The v a r ia t io n  in  th e  
tu r b i d i ty  o f  th e  b a c te r ia l  suspensions a t  d i f f e r e n t  tim es 
showed a  s u rp r is in g ly  c lo se  c o r r e la t io n  between th e  two an im als. 
As w ith  th e  S trep  .b o v is  c o u n ts , th e re  was no marked tre n d  in  
th e  v a r ia t io n  in  th e  tu r b id i ty  o f  th e  b a c te r i a l  suspension 
d u rin g  th e  p e rio d s  o f  s t a l l - f e e d i n g ,  b u t co n tra ry  to  th e  S tre p , 
b o v is  count th e re  was a  v e ry  d e f in i te  and immediate r i s e  in  
th e  t u r b i d i ty  when th e  an im als went o u t to  g rass*  This 
a p p a re n tly  h ig h e r le v e l  o f  b a c t e r i a l  co n ten t was m ain ta ined  
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These r e s u l t s  a re  in  agreem ent w ith  th o se  o b ta ined  
by G a ll, Burroughs, Gerlaugh & Edgington (19^9) ^dio found t h a t  
d i r e o t  m icrosoopic oounts u s in g  n ig ro s in  were h ig h er in  rumen 
c o n te n ts  on *lush* p a s tu re  d u rin g  l a t e  S pring  and e a r ly  Summer 
th an  when th e  an im als were s t a l l - f e d .  However, -the p o s s ib i l i t y  
cou ld  n o t be overlooked t h a t  th e  d if fe re n c e s  in  th e  tu r b id i ty  
o f  th e  suspensions o b ta ined  from  th e  an im als on s t a l l  and on 
g ra s s  feeds m ight be due to  some n o n -b a c te r ia l  f a c to r  from th e  
g r a s s .  P a r t i c u la te  m a tte r had been shown n o t to  in te r f e r e  b u t 
th e  p o s s ib i l i t y  rem ained t h a t  c o l lo id a l  m a tte r had caused 
th e  d i f f e r e n c e .  This was in v e s t ig a te d  in  th e  fo llo w in g  way.
100 g .o f  f r e s h  g ra ss  and 15 g .o f  a  ty p ic a l  sample o f 
th e  s t a l l - f e d  r a t io n  (p ts .b y  w t.;  hay 9 , o a ts  2 ,  beans 2 , 
d r ie d  g ra s s  2 ) were each minced up s e p a ra te ly  w ith  750 ml .o f  
w a te r . These r e l a t i v e  q u a n t i t ie s  o f  f r e s h  g ra s s  and th e  s t a l l -  
fe d  r a t i o n  were chosen because th e  d ry  m a tte r o f  f r e s h  g ra ss  
was approx im ate ly  o n ly  15$ t h a t  o f  th e  s t a l l - f e d  r a t i o n .  The 
m a te r ia l  in  th e  two minced samples was t r e a te d  in  th e  same way 
a s  th e  rumen co n ten ts  fo r  th e  d e te rm in a tio n  o f  tu r b id i ty  ( p .23) .  
A fte r  s t r a in in g  th rough b u t te r  m uslin  each s a sp le  was c en tr ifu g e d  
a t  2 ,0 0 0  r .p .u u f o r  5 m in ., th e  su p e rn a ta n t f r a c t io n s  were d i lu te d  
50 tim es and th e i r  t u r b i d i t i e s  determ ined  in  d u p l ic a te .  The
-  30 -
r e s u l t s  showed t h a t  th e  suspension  p rep ared  from g ra ss  had a 
h i^ ie r  tu r b id i ty  (E s  0 .128; 0*132) t h a t  th e  suspension  p repared
from  th e  s t a l l - f e e d  {E * 0 .100; 0*078). I t  was e v id en t t h a t
th e  d if fe re n c e  between th e  tu r b id i ty  o f  th e  rumen co n ten ts  o f  
th e  an im als when a t  g ra s s  and when s t a l l - f e d  may n o t be 
a t t r ib u ta b le  e n t i r e ly  to  th e  b a c te r ia l  f r a c t io n  o f  th e  rumen 
co n ten ts*
Table 6 .
The t o t a l  v ia b le  count and th e  S trep to  coccus bovis 
count (~ 10̂ )1 p er m l-in  th e  rumen l iq u id  o f  a t a l l - f e d  
apynals a t  d i f fe r e n t  tim es o f  the  day*
Time o f Counts (
sam pling E rn e s t
4 .1 2 .3 0
E rn e s t
26.2.*51
Daphne 
. 26 .2 ,31
^  T o ta l S tre p .b o v is T o ta l S trep  .b o v is T o ta l S trep  .b o v is
8 a .m .
!
216 185 1270 1210 1500 300
Animals fed
9 457 457 1340 1275 1150 861
10 a  .m« 404 404 I360 1360 1050 971
12 noon 230 230 1350 1350 340 295
2  p.in* 128 120 620 620 440 4 17
4  p .m . 164 164 570 570 230 217
6  p .m . 163 136 650 650 I90 180
Animals fed
7 P*nu 296 250 1310 1230 470 470
8 p .m . 310 310 1270 1270 630 630
10 p .m . 173 I73 690 690 400 400
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2 . The V a ria tio n  Throughout, th e  Day in  th e  lNfinrihers o f
S trep tococcus bovis and in  th e  ’t o t a l  * b a c te r ia  in  th e  
rumen l iq u id  o f  th e  two f i s t u l a  an im als.
Samples o f  rumen con ten ts from th e  two f i s t u l a  an im als, 
Daphne and E rn e s t, when th ey  were s t a l l - f e d ,  were examined a t  
h o u rly  o r tw o-hourly  in te rv a ls  throughout th e  p e rio d  beginning 
im m ediately befo re  th e  morning feed , which was given a t  8 a .m ., 
and ending 4 h r . a f t e r  the  evening feed , which was given a t  6 p .m . 
When th e  anim als were a t  g ra ss  th e  samples from th e  rumen were 
tak en  a t  tw o-hourly in te r v a ls  from 8 a .m .to  8 p.m .
The number o f  S trep  .bov is  in  each sample was determ ined 
a s  d e sc rib e d  on p .1 4 . The tu r b id i ty  measurements o f  th e  ’t o t a l ’ 
b a c te r ia  ( p .23 ) were determ ined throughout th e  day on ly  when th e  
an im als were s t a l l - f e d .  Each sample o f  rumen l iq u id  was examined 
m ic ro sc o p ic a lly  in  wet mount w ith  Lugol’s io d in e  fo r  io d o p h ilic  
b a c te r ia  and a s  h e a t- f ix e d  smears a f t e r  s ta in in g  by Gram’s 
method o r  w ith  Lugol’s iodine*
No d if fe re n c e  was d e tec ted  in  th e  m icroscop ica l appearance 
o f  th e  d i f f e r e n t  samples o f  th e  rumen l iq u id  c o lle c te d  from th e  
samQ anim al on th e  same day. The numbers o f  S trep  .bov is  and th e  
t o t a l  v ia b le  counts on s ta rc h  agar fo r  th e  rumen l iq u id  o f  s t a l l - f e d  
an im als a re  g iven  in  Table 6 . With one exception  th e  t o t a l  count
Table 7
The tu r b i d i ty  o f  th e  b a c te r ia l  su spensions (aa  e x tin c tio n s )  
o f  rumen l iq u id  o f  s t a l l - f e d  an im als a t  d i f f e r e n t  tim es o f
th e  d a y .
Time
T u rb id ity  (E)
E rn e s t
4 .1 2 .5 0
E rn e s t
2 6 . 2 .51
Daphne
2 6 . 2 .5 1
8 a.m . 0 .162 0 .2 2 0 0.255
Animals f e d .
9 a .m . 0 .210 O.290
10 a .m . 0 .1 9 0 0.261 0 .2 7 2
12 noon 0 .1 7 2 0 .245 0.245
2 p .m . 0.140 0.164 0 .212
4  p.m* 0 .1 6 0 0 .190 0.181
6 p .m. 0 .160 0 .2 2 5 O .I99
Animals f e d .
7 p .m . 0 .207 0 .300 0 .2 2 5
8  p .m . 0 .304 0.221
10 p .m . 0 .1 6 0 0.279 0 .2 3 0
Table 8 .
The t o t a l  v ia b le  count and th e  S trep to co ccu s  b o v is  count 
(4  p e r  m l. in  th e  rumen l iq u id  o f  E rn e s t  when a t  
g ra s s  a t  d i f f e r e n t  tim es o f  th e  day.
Time
C o u n ts  lO ^/m L.I
3 1 . 8 .5 0 2 1 . 9 .5 0
T o ta l S t r e p .
b o v is
T o ta l S t r e p .
b o v is
8 a .m . 4 3 0 27 1220 1220
10 a .m . 113 37 980 855
12 noon 49 25 710 710
2  p  .m* 72 4 4 410 410
4  p .m . 49 4 5 740 690
6 p .m . 38 38 880 740
8 p .m . 64 i ! I_
__ 780 730
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was due m ainly to  S trep  .bov is  and w i l l  not. be considered  f u r th e r .  
The d e f in i te  in c re a se  in  th e  numbers o f  S trep  .bov is ob ta ined  
im m ediately a f t e r  feed in g  i s  shown more c le a r ly  in  F ig . 5 . This 
in c re a s e  p e r s is te d  fo r  a t  l e a s t  1 h r . a f t e r  th e  morning m eal.
The counts th en  g ra d u a lly  f e l l .  The counts in c reased  ag a in  
a f t e r  th e  evening m eal. (The hig£i count reco rded  fo r  E rn es t 
on 26 . 2 .p 1 a t  8 a .m .su g g ests  t h a t  on t h i s  occasion  th e  anim al 
had access  to  food b efo re  th e  sample was ta k e n .)  Changes in  
th e  ' to ta l*  b a c te r ia  a s  determ ined by tu rb id im e tr ic  measure­
ments (Table 7 and F ig .6) showed tren d s  s im ila r  to  th o se  observed 
in  th e  S trep  .b o v is  counts (Table 6 and F ig .5 )*
The numbers o f  S trep  .bov is  in  th e  rumen l iq u id  o f  
one o f  th e  anim als (E rnest) when a t  g ra ss  were determ ined a t  two- 
h o u rly  in te r v a ls  on two d i f f e r e n t  days. No d e f in i te  tre n d  
appeared to  occur in  e i th e r  s e r ie s  o f  counts (T able 8 and
* ig .7 ) -
This r e s u l t  was to  be expected s in ce  th e  anim al 
would g raze  a t  freq u en t in te rv a ls  and would thus m ain ta in  a  more 
c o n s ta n t le v e l  o f  fo o d s tu ffs  in  th e  rumen th an  when i t  was 



























2 PM.12 NOON 4RM. 6 PM.8  A.M. 10 A.M. 8RM. 10PM.
TIME O F  S A M P L I N G  
F ig .5 .
The v a r i a t i o n  d u rin g  tile  day in  th e  numbeare a t S tre p to o o so a a
b o v is  pear nil. o f  rumen Xic^iid from  etaX l~Ted V is tu la  c a t t l e .
E rn e s t  (L .1 2 .5 0 ) :  . — .  Daphne (2 6 .2 .5 1 ) :  x — x













10 PM10A.M. 2RM. 4RM. 6 P.M. 6 P.M12 NOON
TIME O F  S A M P L I N G
The v a r ia t io n  during th e  dear in  th e  tu r b id i ty  o f
suspensions o f rumen b a o te r ia  from s t a l l - f e d
f i s t u l a  o & ttle .
E rn est (4*12*50): *  •  Daphne (26 .2*51): x«—3e
























8A.M. I0A.M 12 NOON 2 P.M. 4P.M. 6 P.M. 8P.M
TIME O F  S A M P L I N G
The v a r ia t io n  d u ring  th e  day in  th e  nunteers o f S trep tooooeus 
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3* S trep tococcua b o v is  in  th e  feed*
The r i s e  in  th e  numbers o f  S tre p .b o v is  in  th e  rumen 
o f  s t a l l - f e d  anim als im m ediately a f t e r  fe e d in g  could have been 
due e i th e r  to  th e  in tro d u c tio n  o f  b a c te r ia  w ith  th e  food in to  
th e  rumen o r to  m u lt ip l ic a t io n  fo llo w in g  th e  u t i l i s a t i o n  o f  
th e  f r e s h ly  in g e s te d  food by th e  b a c te r ia  o r  to  both  cau ses .
As re p o r te d  by H astings (1944) co n s id e ra b le  numbers o f  b a c te r ia  
can be in tro d u ced  a lo n g  w ith  th e  fo o d . I t  seemed ad v isab le  
th e re fo re  to  examine r e p re s e n ta t iv e  samples o f  th e  food g iv en  
to  th e  f i s t u l a  an im als to  f in d  w hether S trep  .b o v is  was amongst 
th e  sp ec ie s  in g e s te d  w ith  th e  fo o d . In  Experim ents 1 and 2 
(T able 9 } th e  feed s  were w e ll shaken w ith  s t e r i l e  ^ s t r e n g t h  
R in g e r’s  s o lu t io n ,  th e  suspension  in  Experim ent 1 b e in g  combined 
and mixed b efo re  p la t in g .  P la te s  were poured w ith  s ta r c h  agar 
and in cu b a ted  in  CJ02  a t  37°C* In  Experim ent 3 th e  g ra ss  and 
hay were o u t w ith  s t e r i l e  s c i s s o r s  in to  approx im ate ly  1 i n .  
le n g th s ,  suspended in  s t e r i l e  d i s t i l l e d  w a te r , shaken v ig o ro u s ly , 
allow ed to  s tan d  f o r  15 m in.and ag a in  shaken . D ilu tio n s  o f th e  
su sp en sio n s  were p la te d  w ith  g lucose  a g a r .  A lo o p fu l o f  th e  
u n d ilu te d  suspensions was a lso  s tre ak e d  on g lucose  agar p la t e s .
The p la te s  were incubated in  CO2 a t  37°C*for 4  days. (Microscopical 
examination o f  these suspensions (Gram s ta in  or Lugol’s iodine) 
revealed no micro-organisms*)
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The same sp ec ie s  were is o la te d  from both  th e  s t r e a k  
and pour p la te s  in o c u la ted  w ith  th e  suspension  from th e  d rie d  
g r a s s .  No growth in  CO2 was o b ta ined  on th e  s t r e a k  p la te  
in o c u la ted  w ith  th e  u n d ilu te d  suspension  from  th e  hay o r in  
th e  pour p la te s  which were p repared  from th e  d i lu te d  suspension .
The r e s u l t s  o f  th e  th re e  experim ents a re  p re sen ted  
in  Table 9 where i t  can be seen  th a t  on no occasion  was S tre p , 
b o v is  is o la te d *  T h is , o f  c o u rse , does n o t prove t h a t  S trep  .b o v is  
was e n t i r e ly  a b sen t from th e  feed  b u t on ly  t h a t  i f  i t  was p re s e n t 
i t s  numbers were sm aller th an  th e  numbers o f  th e  o th e r b a c te r ia  
t h a t  were is o la te d  and which m ust, th e re fo re ,  have been in tro d u ced  
in to  th e  rumen in  l a r g e r  numbers th an  S trep  .b o v is . The f a c t  t h a t  
th e s e  o th e r  b a c te r ia  were never i s o la te d  from  th e  rumen w hile  
S trep  .b o v is  was c o n s is te n t ly  is o la te d  can be exp lained  by assum ing 
e i th e r  t h a t  th e y  a l l  d ied  o f f  more r a p id ly  th an  S trep  .b o v is  in  th e  
rumen o r  t h a t  by m u l t ip l ic a t io n  in  th e  rumen S tre p .b o v is  o u t­
numbered th e  b a c te r i a l  sp e c ie s  is o la te d  from  th e  fe e d .
The r a p id i ty  o f  th e  in c re a se  in  th e  numbers o f  S tre p , 
b o v is  w ith in  1 h r  .o f  fe e d in g  does n o t appear to  in v a lid a te  th e  
co n c lu s io n  t h a t  t h i s  m icro-organism  was in  f a c t  m u ltip ly in g  in  
th e  rum en. Johnson, H am ilton, Ho b in s  on & Garey (1944) a lso  noted 
a  r i s e  i n  th e  p la t e  count o f  b a c te r ia  in  th e  rumen o f  sheep du rin g
th e  f i r s t  hour a f t e r  feed in g  and r e la te d  t h i s  w ith  mximuin 
methane p ro d u c tio n  which occu rred  a t  th e  same tim e* m»m 
methane p ro d u c tio n  w ith in  1 h r . a f t e r  fe e d in g  was a lso  re p o rte d  
by Washburn & B rodie (1937)> an<̂  ^bnroe & P e rk in s  (1939) found 
th a t  th e  pH o f  th e  rumen c o n ten ts  o f  s t a l l - f e d  anim als f e l l  
fo r  1 to  2 h r . a f t e r  fe e d in g  and th en  ro se  ag a in  u n t i l  th e  
tim e o f  th e  n e x t m eal, b u t when th e  anim als were a t  g ra ss  no 
d e f in i t e  tre n d  in  th e  pH o f  th e  rumen co n ten ts  was found . The 
ra p id  u t i l i s a t i o n  o f  g lucose in  th e  rumen has been dem onstrated 
by E lsden  (1943-46} who showed th a t  in  one sheep 100 g .o f  g lucose 
was com pletely  u t i l i s e d  w ith in  2 h r .  and t h a t  w ith in  1 h r .  
th e  amount o f  l a c t i c  a c id  p re s e n t had r i s e n  from 0 .5  mM.to 
a  TnAvimum o f  2 .8  mM.per 100 ml .o f  rumen l iq u o r .  In  t h i s  connexion 
i t  i s  im p o rtan t to  no te  t h a t  S trep  .b o v is  produces l a c t i c  a c id  
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4 ,  S tre p tococcus bovis in  Bsteces *
A sm all number o f  samples o f  fa e c e s  from th e  f i s t u l a  
an im als were examined to  confirm  th e  p resence o f  S tre p .b o v is .
The samples were c o lle c te d  in  a  Thermos f la s k  e i th e r  d u rin g  o r 
im m ediately a f t e r  e x c re tio n . A weighed amount o f  th e  m o ist 
fa e c e s  was suspended in  q u a r te r - s tre n g th  S in g e r ’s s o lu tio n  and 
s u i ta b le  d i lu t io n s  o f  th e  suspension  p la te d  on s ta r c h  agar and 
in cu b ated  in  CX)p a t  37° • ^he t o t a l  counts p e r  g .and  th e  p re ­
dom inating m ic ro flo ra  on th e  countab le  p la te s  a re  g iven  in  Table 
10. I t  can be seen  th a t  in  th e  fo u r bovine samples S trep  .b o v is  
predom inated under th e  c o n d itio n s  o f  i s o la t io n .  As a  m a tte r o f  
i n t e r e s t  p la te s  were a lso  p repared  from  th e  fa e c e s  o f  a  non­
ru m in an t, th e  h o rs e . In  th e se  p la te s  th e  main m ic ro flo ra  co n sis ted  
o f  c o lo n ie s  o f  S trep tococcus eq u in u s . These co lo n ie s  were g e n e ra lly  
r a th e r  sm all b u t groups o f  them grew much more v ig o ro u s ly . In 
th e  c e n tre  o f  each o f  th e se  groups was u s u a lly  a  s in g le  la rg e r  
l e n t i c u l a r  co lony, which proved to  be S trep  .b o v is . By flo o d in g  
th e  p la te  w ith  io d in e  i t  was q u ite  c le a r  t h a t  each a re a  o f  
s tim u la tio n  o f  th e  growth o f  S trep .e q u in u s  co in cid ed  w ith  an 
a re a  o f  s ta r c h  h y d ro ly s is .  M icroscop ical exam inations showed 
t h a t  in  a l l  th e  samples o f  fa e c e s  th e  m ic ro flo ra  a lthough  s t i l l  
f a i r l y  d iv e rs e  was more s im p lif ie d  th a n  t h a t  in  th e  rumen and
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con tained  r e l a t i v e l y  few ro d s  and predom inantly  Gram-negative 
co cc i l e s s  than  1 ja in  d ia m e te r . In  c a t t l e ,  some o f  th e se  co cc i 
were io d o p h il ic ,  and o c c a s io n a lly  la rg e  d ip lo c o c c i could be seen 
t h a t  s tro n g ly  resem bled th o se  t h a t  occu rred  in  th e  rumen. The 
m ic ro sco p ica l o b se rv a tio n s  c le a r ly  showed t h a t  th e  predom inant 
b a c te r ia  in  th e  faeces  were n o t c u l t iv a te d .
The i s o la t io n  o f  S trep  .b o v is  from th e  faece s  o f  c a t t l e  
confirm s th e  f in d in g s  o f  G rla -Jen sen  (19 191 and o th e r s . The 
source  o f  th e  organism  in  th e  fa e ce s  rem ains to  be in v e s t ig a te d .  
I t  i s  n o t known, fo r  in s ta n c e , w hether a f t e r  le a v in g  th e  rumen 
S trep  .b o v is  p a sse s  through th e  i n te s t in e  w ith o u t m u lt ip l ic a t io n  
o r w hether m u lt ip l ic a t io n  occurs  in  some p a r t  o f  th e  i n t e s t i n a l  
t r a c t  p o s te r io r  to  th e  rumen such a s  th e  caecum. The i s o la t io n  
o f  S trep  .bov i s  from th e  fa e c e s  o f  th e  ho rse  su g g es ts  t h a t  m u lti­
p l ic a t io n  can tak e  p lace  fu r th e r  a long  th e  a lim en ta ry  t r a c t  
s in c e  th e  ho rse  has no rum en. M oreover, th e re  i s  re a so n  to  
b e lie v e  t h a t  u n le ss  m u lt ip l ic a t io n  occu rred  fu r th e r  a lo n g  th e  
t r a c t  th e  number o f  S trep  .b o v is  su rv iv in g  a f t e r  passage th rough 
th e  a lim en ta ry  cana l o f  e i th e r  c a t t l e  car non-rum inants would be 
i n s ig n i f i c a n t .  Many fa c to r s  c o n tr ib u te  to  th e  d ig e s t io n  o f  th e  
m icro-organism s from th e  rumen. A p a r t i c u la r  hazard  fa c in g  
S trep  .b o v is  must be th e  pH o f  th e  abomasum which l i e s  rough ly  
between 2 and 4 .1  (Schwarz & Kaplan quoted by Dukes, 1943)* 3h
c a t t l e  th e  co n ten ts  o f  th e  abomasum may rem ain th e re  f o r  alm ost 
3 hours (Swing & W right, quoted by Dukes, 19^3) u n le ss  th e  
food e x e r ts  a  s tro n g  p ro te c t iv e  a c tio n  a g a in s t  th e  a c id  p re s e n t, 
a  v e ry  h ig h  p ro p o rtio n  o f  th e  S trep  •bovis c e l l s  w i l l  be 
d e s tro y e d • (S ee  Appendix to  P a r t  1 , p.M>.)
5* The Incidence  o f  S trep tococcus Bovis in  ffreshly
S laughtered  C a t t l e .  Sheep and G oats, and in  C alves.
The number o f  S trep  .b o v is  has been shown to  be u s u a lly  
between 1(P to  10^ p e r  ml .o f  rumen l iq u id  from two f i s t u l a  
c a t t l e  a t  th e  Hannah I n s t i t u t e .  In  o rd e r to  o b ta in  more g en e ra l 
in fo rm atio n  concern ing  th e  in c id en ce  o f  t h i s  organism  in  c a t t l e  
o f  v a ry in g  b reed , from w idely  sep a ra ted  a re a s  o f  th e  coun try , 
and a ls o  from  d i f f e r e n t  ty p e s  o f  ru m in an ts , s a u r ie s  were ob ta ined  
from  th e  rumen o f  f r e s h ly  s lau g h te re d  c a t t l e ,  sheep , g o a ts  and 
c a lv e s .
(a} Sampling o f  rumen c o n te n ts . Hie samples from th e  c a t t l e  
and sheep were o b ta in ed  from th e  Ayr S lau g h te r House. The rumen, 
w ith  p o rtio n s  o f  th e  i n t e s t i n e ,  was removed from  th e  anim als 
w ith in  a  few m inutes o f  s la u g h te r  • Using a s t e r i l e  k n ife  th e  
rumen was s l i t  open and w ith  a  s t e r i l e  long-hand led  d ip p er a 
la rg e  sample ( c a .  1 l i t r e )  o f  th e  rumen co n ten ts  was t r a n s fe r r e d  
to  a  vacuum f l a s k  o r a  f la s k  in s u la te d  w ith  saw dust, to  p rev en t 
any undue low ering  o f  th e  tem pera tu re  o f  th e  sample b e fo re  i t  was 
examined in  th e  la b o ra to ry .  A lthough th e  sa mple s  were f re q u e n tly  
much d r ie r  th a n  th o se  ob ta in ed  from  th e  f i s t u l a t e d  an im als th ey  
con ta ined  s u f f i c i e n t  m oistu re  to  g iv e  a l iq u id  f r a c t io n  a f t e r  
s t r a in in g  through m uslin  in  th e  u su a l way. T h is f r a c t io n  was 
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Some o f  th e  ca lv es  -used fo r  t h i s  work were experim ental 
an im als a t  th e  West o f  S co tland  A g r ic u ltu ra l  C o lleg e , and, w ith  
th e  k in d  perm ission  o f  Dr .George D unlop, samples from th e se  
animal s  were o b ta in ed  a t  th e  Ayr S laugh ter House. The rem ainder 
o f  th e  c a lv e s  were a t  th e  Hannah I n s t i t u t e  and were made a v a ila b le  
th ro u ^ i  th e  c o lla b o ra t io n  o f  Dr .K.L .B la x te r .  I t  was n o t p e rm iss ib le  
to  s la u g h te r  th e se  ca lv es  so samples were drawn from th e  rumen 
by means o f  a  stomach tu b e  and c o lle c te d  in  a  s t e r i l e  j a r .
With th e  c o lla b o ra t io n  o f  Dr H  .C .Owen rumen con ten ts  were 
tak en  from  g o a ts  t h a t  had formed p a r t  o f  th e  Hannah I n s t i t u t e  h e rd . 
These an im als were a n a e s th e tis e d  w ith  chloroform  and b led  to  d e a th . 
The sam ples were th en  ob ta in ed  in  th e  same manner a s  from th e  
an im als a t  th e  Ayr S lau g h te r House.
(b) R e s u l t s .
Rumen co n ten ts  from a  t o t a l  o f  20 c a t t l e ,  11 sheep,
9 g o a ts  and 16 ca lv e s  were exam ined. D e ta i ls  o f  th e  b reed  and th e  
source  o f  th e  c a t t l e  and sheep p r io r  to  t h e i r  a r r iv a l  a t  th e  
s la u g h te r  house a re  g iven  in  T ables 11 and 12. The numbers o f  
S trep  .b o v is  in  th e  c a t t l e  v a r ie d  from 33 to  840 x  10^ p e r nil.
( lo g .c o u n t 5*32 to  6 .9 2 ) ,  f ig u re s  which a re  o f  a  s im ila r  o rd e r 
to  th o se  o b ta in ed  from  th e  f i s t u l a t e d  a n im a ls . M icroscop ical 
exam ination  o f  th e  rumen l iq u id  o f  th e  c a t t l e  showed a  d iv e rse  
m ic ro flo ra  in  which no io d o p h ilic  micro-organisms were d e te c te d .
Table 13.
The numbers o f  S tre o •b o v is  oer m l.in  th e  rumen l i a u i d  o f^ «•—» ■*— ■» a.-.rm .Miii î |— |^» 1 -»• *  -» •» *—V  «
s lau g h te re d  g o a ts .
No. S tre o .b o v is  











The numbers o f  S tre p .b o v is  in  th e  rumen c o n ten ts  o f  c a lv e s .
Group No. Age when sanp led  
(days)
D ie t S tre o .b o v is  1 
p e r  m l. (<7 1orl
A 1 49 M ilk o n ly 7,200
2 83 » * 39
3 5? M ilk + roughage 1544 66 •n n 93
B 5 49 Dry skim m ilk  + v itam in s  A, D and E
2,930
6 11Q As $ + m argarine 96
7 ! 11o As 6 + su b -op tim al s traw 1,370
8 100 As 6 + ample s traw 145
Group A: 50 ml .s t r a in e d  rumen co n ten ts  were g iv en  by mouth
on th e  4 t h . ,  1 5 th . ,  and 22nd. day*
Group Bs 50 n i l .s tra in e d  rumen c o n te n ts  were g iven  by mouth 
on th e  25th .d a y  ex cep t No#5 ^ i c h  re c e iv e d  no 
inoculum#
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A la rg e  number o f  ‘ro s e t te s *  (B aker, 1942b) were seen  in  th e  
sample from No . 17 (Table 11) b u t o th e rw ise  no d if fe re n c e  was 
d e te c te d  between th e  m ic ro flo ra  in  th e  rumen o f  th e  d i f f e r e n t  
an im a ls .
S tre o .b o v is  was a lso  p re se n t in  th e  rumen co n ten ts  o f  
sheep , b u t th e  numbers per ml .o f  rumen l iq u id  tended to  be lower 
th a n  in  c a t t l e .  M icro sco p ica l o b se rv a tio n s  showed t h a t  th e  
m ic ro flo ra  o f  sheep con tained  a  d iv e r s i ty  o f  m orphological 
ty p e s .  Some o f  th e  sheep ( e .g .  Nos*3 and 5) con ta in ed  numbers 
o f  la rg e  o v a l and c re scen t-sh ap ed  organism s about 3 to  8 ji wide 
and 5 "to 10 p. lo n g , which were n o t seen  in  th e  rumen co n ten ts  o f  
th e  c a t t l e .  Large numbers o f  v ib r io s ,  2 to  3 P lo n g , and iodo - 
p h i l i c  p ro to zo a  and sm all c o cc i (0*4 p. d iam .l were seen  in  th e  
rumen l iq u id  from  sheep No s . 7 and 18. In  th e  rumen o f  g o a ts  
S trep  .b o v is  v a r ie d  from  3 x  10^ to  1288 x  1(fl p e r  m l. (Table I 3K  
Goats N os.6 to  9 were young an im als aged 3 to  4  months and th e  
a d u l ts  Nos.1 to  4  had been t r e a te d  w ith  th y ro x in e . M icroscop ical 
exam ination showed a v a r ie d  m ic ro flo ra  b u t no io d o p h ile s .
The f i r s t  group o f  ca lv e s  to  be examined were 6 weeks 
o ld  a t  th e  tim e o f  s la u g h te r . They had been fe d  on a  skim m ilk 
d i e t  and some had re c e iv e d  by mouth rumen co n ten ts  from  a d u l t  
c a t t l e .  The rumen l iq u id  tak en  a t  th e  tim e o f  s la u g h te r  was 
p la te d  a s  u su a l on s ta rc h  agar and incubated  in  002*
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I t  was found t h a t  th e  m icro-organism s in  104 o f  a t o t a l  o f  112 
co lo n ie s  examined were S tre p .b o v is .
The in c id en ce  o f  S trep  .b o v is  was th e n  examined in  more 
d e t a i l  in  a  second group o f  c a lv e s . These an im als were tak en , 
when o n ly  a  few days o ld ,  to  s e p a ra te  c ra te s  and because th ey  
were o u t o f  c o n ta c t w ith  a d u l t  an im als, an  inoculum  o f  rumen 
co n ten ts  from  an a d u lt  anim al was g iven  to  a l l  b u t one o f  th e  
ca lv e s  (No*5) to  compensate fo r  th e  la c k  o f  o p p o rtu n ity  to  acq u ire  
th e  normal m ic ro flo ra  o f  th e  a d u l t  rumen. The age and d i e t  
o f  th e  ca lv e s  and th e  numbers o f  S trep  .b o v is  in  th e  samples from 
th e  rumen a re  g iv en  in  Table 14. S trep  .b o v is  was p re s e n t in  
th e  rumen co n ten ts  o f  a l l  th e  ca lv e s  in c lu d in g  No.5 which re c e iv e d  
no inoculum  o f  rumen c o n te n ts . The numbers v a r ie d  from  c a l f  
to  c a l f  and d id  n o t appear to  be r e la te d  in  any way to  th e  d i e t .  
F u rth e r d e ta i l s  o f  b a c te r ia  i s o la te d  from th e  rumen o f  th e se  
c a lv e s  a re  g iven  in  P a r t  3* M icroscopical exam ination o f  th e  
rumen co n ten ts  showed t h a t  co cc i u s u a lly  0 .6  -  0 .8  p. p redom inated , 
b u t  t h a t  th e re  was f r e q u e n tly  a  d iv e r s i ty  o f  ty p es  o f  both  cocc i 
and ro d s .  S im p lif ic a tio n  o f  th e  micro f lo r a  was c le a r ly  apparen t 
i n  th e  c o n ten ts  from th e  c a lv e s  which had n o t re ce iv ed  roughage. 
The m acro -iodoph iles  and p ro tozoa  t h a t  a re  c h a r a c te r i s t i c  o f  th e  
rumen co n ten ts  o f  a d u l t  an im als were n o t d e te c te d  in  th e  con ten ts  
from  any o f  th e  c a lv e s , b u t in  a l l  th e  ca lv es  m ic ro -io d o p h iles  
were found to  be p re s e n t .  T his o b se rv a tio n  appears to  c o n tra d ic t
-  4 3  -
Baker* s s ta tem en t (1942a) t h a t  io d o p h ilic  micro -organisnm  
occur in  anim als only  a f t e r  th e y  have e a ten  v eg e tab le  m a tte r .
Summary and C onclusions to  P a r t  1 .
1 . S trep*bov is  coun ts were determ ined  in  rumen co n ten ts  from 
two f i s t u l a  c a t t l e ,  sampled throughout a p e rio d  o f  more th an  
th re e  y e a rs . The numbers of S tre p .b o v is  were alm ost in v a r ia b ly  
between 10^ and 10^ p e r ml. o f s t r a in e d  rumen c o n te n ts . No 
v a r ia t io n  i n  th e  numbers could  be  a t t r ib u te d  to  change o f season 
o r to  change o f d i e t .  When th e  anim als were s t a l l - f e d  the  
numbers o f S tre p .b o v is  in c re a se d  s ig n i f ic a n t ly  f o r  approxim ately  
2  h r . a f t e r  fe e d in g  and th en  d ecreased  u n t i l  th e  tim e of th e  
n ex t fe e d . When th e  anim als were a t  g ra s s  th e  S tre p .b o v is  
coun ts d id  no t show any c o n s is te n t  tre n d  during  a  s im ila r  
p e r io d  o f th e  day.
2 . B a c te r io lo g ic a l  exam ination o f th e  fe e d  o f th e  f i s t u l a  anim als 
showed th a t  S tre p .b o v is  was no t p re se n t in  a p p re c ia b le  nunfcers
in  th e  fe e d  and i t  was concluded th a t  S tre p .b o v is  was no t a  
passenger in tro d u ce d  w ith  th e  fe e d  b u t m ain tained  i t s e l f  in  th e  
rumen by i t s  a b i l i t y  to  n u l t ip ly  th e re .
3# Rumen c o n te n ts  from  c a t t l e  and sheep m ain tained  in  w idely  
se p a ra te d  a re a s  and from  g o a ts  m ain tained  a t  th e  Hannah I n s t i t u t e  
were a lso  examined and th e re  can  be no doubt th a t  in  th i s  coun try , 
a t  l e a s t ,  S tre p .b o v is  i s  a  normal in h a b ita n t  in  a l l  th r e e  types 
of ru m in an ts . The counts in  th e  c a t t l e  and th e  g o a ts  were g e n e ra lly
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o f the  same o rd er as  th o se  in  th e  f i s t u l a  anim als bu t the  
counts in  th e  sheep tended  to  be somewhat low er.
4* Exam inations by c u l tu r a l  and m ic roscop ica l methods o f rumen 
co n ten ts  from  ca lv es  showed th a t  S tr e p .b o v is .  u n lik e  most types 
o f rumen b a c te r ia ,  can become e s ta b lis h e d  in  th e  rumen w ithou t 
roughage having been in c lu d ed  in  th e  d ie t .
5* S tre p .b o v is  was i s o la te d  from  th e  faece s  o f c a t t l e  and 
h o rs e s , and a  way in  which i t  may a r i s e  th e re  was b r i e f ly  considered .
6 . In  an appendix to  th i s  s e c tio n  th e  lo s s  o f v i a b i l i t y  o f 
S tre p .b o v is  in  g lucose  b ro th  has been shown to  be a s so c ia te d  
w ith  th e  a c id i ty  o f th e  medium.
•” 4 6  ”
Appendix to  P a r t  1 .
The Growth of Streptococcus Bovis in  Glucose Broth,
S trep to co ccu s b o v is  grows ra p id ly  and g iv es  a  dense 
tu r b id i ty  in  gXucose broth* N ev erth e le ss  su b cu ltu re s  to  f r e s h  
medium f re q u e n tly  f a i l e d  to  grow even when th e  prim ary c u ltu re  
had been in cu b a ted  a t  37°C .for only 24 h r .  The f a c t  th a t  th e  
c u l tu re s  in  g lucose  b ro th  had a f i n a l  pH of 4 .5  a f t e r  24  h r . 
suggested  th a t  th e  a c id i ty  developed m ight be th e  f a c to r  l im it in g  
th e  co n tin u ed  growth of th e  organism  b u t ,  s in c e  th e  lo s s  o f 
v i a b i l i t y  was so r a p id ,  th e  p o s s ib i l i ty  t h a t  th e  in h ib i t io n  of 
grow th was due to  o th e r  m etabo lic  p ro ducts  could  not be excluded. 
In  o rd e r to  a sse ss  th e  e f f e c t  o f a c id i ty  on th e  v i a b i l i t y  o f 
S tre p .b o v is  th e  fo llo w in g  experim ents were c a r r ie d  o u t.
1 . A s tu d y  was made o f th e  t o t a l  growth ( t u r b i d i t y ) ,  th e  nunfcer 
o f  v ia b le  organism s ( p la t e  count) and th e  pH of th e  medium during  
th e  growth of S tre p , bo v is  in  g lu co se  b ro th  in  which th e  i n i t i a l  
pH was a d ju s te d  to  pH 6 .8 , 6 .0 , 5*0 and 4*0. C on tro l c u ltu re s  
in  b ro th  co n ta in in g  no added g lucose  were a lso  examined. P a r 
convenience s tan d a rd  b ro th  (pH 6 .8 ) was u sed  f a r  t h i s  purpose. 
T h is  d i f f e r e d  from  th e  medium used f o r  th e  g lu co se  b ro th  in  
co n ta in in g  meat e x t r a c t  (•Lemso*) in s te a d  o f y e a s t e x tra c t  
( • Y e a s t r e l ')  (T ab le  1 ) .
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2. The v i a b i l i t y  of 'washed suspensions of S trep»bov is  was 
determ ined in  b u f fe r  s o lu tio n s  a t  d i f f e r e n t  pH v a lu es .
3* The e f f e c t  of adding vary ing  p ro p o rtio n s  o f th e  n e u tra l is e d  
c e l l - f r e e  f i l t r a t e  from  a  g lu co se  b ro th  c u ltu re  o f  S tre p .b o v is  




The growth ( lo g .p la te  count) of S trep .b o v is  in  g lucose b ro th  
i n i t i a l l y  a t  pH 4 .0 . '5 .0 .  6 .0  and 6 .8  and s tandard  b ro th  
i n i t i a l l y  a t  pH 6 .8 , and th e  pH values during incubation  in
a i r  a t  37bC.
Medium Incubation  time ( h r . )




Glucose 0 - 6 .8
b ro th 3 4# 78 6.7
5 6.61 6 .7
7 9 .78 5 .5
9 9 .08 5 .2
11 4 .8
13 8.78 4 .8
16 4 .5
31 5 .9 4 4 .6
Glucose 0 - 6.0
b ro th 3 4 .3 0 6 .0
5 5.72 6 .0
7 7.42 5 .8
9 8*66 5 .2
11 8 .13 5 .1
13 4 .8
16 7 .1 0 4 .5
31 4 .07 4 .5
Glucose 0 - 5 .0
b ro th 3 2.72 5 .0
3 2.89 5 .0
7 2.85 5 .0
9 2.85 5 .0
11 3.27 5 .0
13 4 .1 7 5 .0
16 5 .2
31 7.41 4 .6
Glucose 0 - 4 .0
b ro th 3 t o  31 3 .8  -  4 .0
Standard 0 - 6 .8
b ro th 4 5.53 6 .8
6 6.83 6 .8
8 7.57 6 .8
10 7 .8 0 6 .8
14 7 .91 6 .8
17 7 .98 6.7
31 7.71 6 .7
38 6.97
— IfJ8 —
1* The E f fe c t  of th e  131 o f th e  Medium on th e  growth, 
o f  S tre p , b o v is .
Im m ediately b e fo re  in o c u la tio n  th e  pH of th e  g lucose  
b ro th  was a d ju s te d  a s c e p t ic a l ly  u s in g  0 . 1$  ( v /v ) H2SO4  and th e  
t o t a l  volume o f th e  medium in  each tube was a d ju s te d  to  6 .4  ml. 
as fo llo w s : •
pH o f 
medium
Glucose 
b ro th  (m l.)
0 . 1$  H2SO4  
(m l.)
S t e r i l e  w a te r 
(m l.)
6 .8 5 .0 - 1 .4 0
6 .0 5 .0 0 .2 6 1 .1 4
5 .0 5 .0 0 .5 0 0 .90
4 .0 5 .0 1 .40 —
The inoculum  was a  lo o p fu l of a  15 h r .  c u ltu re  in  
g lu co se  b ro th . The c u ltu re s  were in cu b ated  in  a i r  a t  37°C.
At in te r v a l s  0*1 ml. was removed fo r  th e  v ia b le  count and th e  
pH determ ined  by sp o t t e s t  u s in g  an e x te rn a l in d ic a to r .  Tubes 
o f s tan d a rd  b ro th  pH 6 .8  ( i .  e . co n ta in in g  no added carbohydrate) 
were in o c u la te d  and in cu b a ted  in  th e  same way as th e  g lucose  b ro th . 
The v ia b le  count and th e  pH o f  th e  media a re  g iven  in  T able 15 
and P ig*8 . The t o t a l  growth in  d u p lic a te  g lu co se  b ro th  c u ltu re s  
was determ ined  tu rb id im e t r ic a l ly  u s in g  th e  Spefcker ab so rp tio m eter 






































302.0 2 2  24 - 2<o
TIME (hr.)
F ig*8 .
The grow th o f S trep to co ccu s  bov is in  g lucose  b ro th  a t  d i f f e r e n t  i n i t i a l  pH
and th e  change o f pH o f  th e  medium during  in cu b a tio n  a t  37°0»«
C o n tro l; S tan d ard  b ro th  (no  added carbohydrate) pH 6*8.
G lucose b ro th ; ( i n i t i a l  pH 6*8) o____©
( i n i t i a l  pH 6 .0 ) x___ x
( in i t ia l  pH 5®0) *------»
Standard broth; ( in i t ia l  pH 6*8) © ~ o
Table 16.
The t o t a l  grow th ( t u r b id i ty )  o f s tre p to c o c c u s  b o v is  
in  g lu co se  b ro th  i n i t i a l i y  a t  pH (>.0 and 5 .0
during  in c u b a tio n  a t  37^0.
In c u b a tio n  
tim e ( h r . )
T u rb id ity  ( E . ) a t  pH
6 .8 6 .0 5 .0
4 0.123 0.133 0.118
5 0.135 0.150 0.140
6 0.203 0.170 0.155
1 0.350 0.249 0.178
8 0.445 0.401 0.201
17 0.488 0.485 0.3^2
24 0.518 0.500 0.340
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No growth o ccu rred  in  g lucose  b ro th  a d ju s te d  to  pH 4 .0 . In  
g lucose  b ro th  a t  pH 6 .8  and 6 .0  th e  t o t a l  grow th in c re a se d  
ra p id ly  from  about 5 to  8 h r .  and con tinued  to  in c re a se  very 
g ra d u a lly . These changes were accompanied by a  r a p id  in c re a s e  
and a  subsequent decrease  in  the  numbers o f v ia b le  b a c te r ia  
and w ith  a  d ecrease  in  th e  pH of th e  medium. The numbers of 
v ia b le  co cc i in  s ta n d a rd  b ro th  in c re a se d  a t  a  s l i g h t ly  slow er 
r a t e  and to  a  l e s s e r  e x ten t than  in  g lucose b ro th . The t o t a l  
grow th ( tu r b id im e tr ic  measurement) was not determ ined in  
s tan d a rd  b ro th . The numbers of v ia b le  organism s in  s tan d a rd  
b ro th  u n lik e  th o se  in  th e  g lu co se  b ro th  rem ained a t  about 
th e  same le v e l  from  th e  1 6 th  to  th e  3 1 st hour and during th e  
whole p e rio d  th e  pH o f th e  medium f e l l  by only  0 .1 .
The pH o f th e  c u l tu re s  i n i t i a l l y  a t  5 .0  rem ained un­
changed f a r  16 h r .  Growth was much slow er and th e  t o t a l  q u a n tity  
o f grow th l e s s  th a n  th a t  in  th e  c u ltu re s  a t  pH 6 .0  and 6 .8 .
The r e s u l t s  o f th e  tu r b id i ty  measurements and th e  v ia b le  
coun ts in  th e  c u ltu re s  a t  pH 5*0 suggest a  s l i g h t  anomaly, 
th e  la g  phase as de term ined  by th e  tu r b id i ty  measurements being  
r a th e r  l e s s  th an  th e  la g  phase as determ ined  by th e  v ia b le  
c o u n ts . T h is  d if f e re n c e  was p robab ly  due to  s l i g h t  v a r ia t io n s  



















TIME ( h r . )
ns.9.
She e f f e c t  a t  i n i t i a l  S I on th e  growth o f S trep tococcus 
b o v is  i n  g lucose  b ro th . Growth determ ined  by tu rb id jjn e try .
The nupfoers of 'v iable S treptococcus boyis c e l l s  ( lo g  p la te  
coant) p er ml. of suspension of KapHPOj -o itz d o ac id  b u ffe r  
so lu tio n s  during incubation  a t  37^0.in  two experiments A and B.
pH o f b u f f e r Incubation Log.p la te  count
so lu tio n Time ( h r .  ) Expt.A Expt.B
0 - 6.38
1 - 6.25






4 .5 3 5.20 -





5 .0 5 6 .0 1 6 .3 8
li - 6 .2 2
10 - 5 .92







5 .5 4 - 6 .6 l
5 6 .6  3
. - 6 .3 6
10 - > 6 .0 0
24 — 3.79
0 « . 6 .69
2 7 .11 5 .98
3 6 .81 5 .9 4
4 6.67 -
6*0 5, - 5 .88
7 i - 5 .62
10 - 7.31
21 < 3 .0 -
24 - 3.02
0 6 .8 0
2 7 .08 -
3 7 .0 4 -
4 6 .9 8 6.79
7 .0 5, 7 .0 6 -
li - 6.59
10 — 6 .52
24 - 3.19
28 < 4 .0 OB9
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2 . The v i a b i l i t y  o f washed c e l l s  of S trep to co ccu s bov is  
in  b u f f e r  s o lu t io n s .
The washed suspensions of S tre p .b o v is  were p repared  
as fo llo w s ; -  200 m l.g lucose  b ro th  (pH 6 .8 )  in  a  500 ml. 
c o n ic a l f la s k  was in o c u la te d  w ith  0 .2  ml. o f  a  9 h r .g lu c o se  
b ro th  c u l tu re  and in cu b ated  in  a i r  a t  37 °C .fc r 14  h r .  10 ml. 
a l iq u o ts  o f th e  c u l tu re  were t r a n s f e r r e d  a s c o p t ic a l ly  to  each 
c f  5 s t e r i l e  c e n tr ifu g e  tubes c lo se d  w ith  ru b b er bungs. The 
c e l l s  were tw ice  spun down and resuspended  in  ^ - s t r e n g th  R in g e r’ s 
s o lu t io n .  The c e l l s  were spun down f o r  a  t h i r d  tim e and f i n a l ly  
resuspended  in  M c llv a lu e 's  0 . ̂ -NagHPO^ -  0.1*41 c i t r i c  a c id  
b u f f e r  s o lu tio n s  a t  pH 4*0, 4»5* 5 .0 , 6*0 and 7*0 (V ogel, 1946).
The suspensions were in cu b a ted  a t  3 7 °0 ., and a t  in te r v a ls  1 ml. 
q u a n t i t ie s  w ere withdrawn and p la te d  to  o b ta in  th e  number o f 
v ia b le  b a c te r ia .  The r e s u l t s  (Experim ent A) a re  g iv en  in  
T a b le  17 and F ig . 10. The experim ent was re p e a te d  (Experim ent B) 
n g lng suspensions o f S tre p .b o v is  in  b u f f e r  s o lu tio n s  o f pH 
4*0, 5*0, 5 .5 , 6 .0 ,  7*0 (T ab le  17 and F ig .1 0 ) .
The i r r e g u la r i t y  of th e  counts a t  pH 6 .0  in  Expt.B 
was alm ost c e r ta in ly  due to  an experim en tal e r ro r  and was not 
shown in  Expt.A . The r e s u l t s  of experim ents A and B show c le a r ly  
th a t  th e  lo s s  o f  v i a b i l i t y  of th e  n o n -p ro lo fe ra tin g  c e l l s  of S tr e £ .  
bo v is  in c re a se d  w ith  th e  d ecrea sin g  pH of th e  suspending medium. 


































EXPT.  A EXPT. BI
o
TIME (h r )
Fig»lQ.
©Th@ v ia b i l i ty  a t  37 C«©f washed © alls of Streptococcus 
bovis suspended in  NagHPO^^iirio ac id  b u ffe r  so lu tions*
o; no growth on p la te s  prepared fTom d ilu tio n
10 (jfi 5 .0 ) ,  10 (pH 6 .0 ) ,  and 10"2*- (pH 7 .0 ) .
T a b l e  1 8
The to ta l  growth ( tu rb id ity )  o f S tr e p ,bovis in  
glucose b ro th  and in  g lu co se  broth  containing 
varying proportions of the n eu tra lised  c e l l- f r e e  
f i l t r a t e  from a glucose bro th  cu ltu re  of the same 
organism, a f te r  incubation a t  37°C *for 24 hr*
Medium
Turbidity  of the 
cu ltu re  ( e )Glucose b ro th  (m l.)
F i l t r a t e
(m l*)
0 5 0 .6 2 1
1 4 0 o600







5 3 0 .693
5 4 0.638
5 5 0.629
3* The E f fe c t  o f a  C e l l - f r e e  F i l t r a t e  on the  Growth o f 
S trep to co ccu s b o v is .
A s t e r i l e  c e l l - f r e e  f i l t r a t e  of a g lucose  b ro th  
c u l tu re  o f S trep , bovis was p repared  as fo llo w s
The c e l l s  from a  24 h r .c u l tu r e  in  200 m l.g lucose  
b ro th  were removed by c e n tr ifu g in g  and th e  su p e rn a ta n t was 
f i l t e r e d  through a  F o rd ’ s s t e r i l i s i n g  pad. The f i l t r a t e  
was n e u tr a l is e d  as cep t i e  a l ly  w ith  HaOH and t e s t e d  f o r  s t e r i l i t y  
by in c u b a tio n  f o r  48 h r . a t  37°C. The e f f e c t  o f th i s  s t e r i l e  
c a l l - f r e e  f i l t r a t e  on th e  grow th of S tre p , bov is was determ ined 
tu r b id im e tr ic a l ly  a f t e r  in o c u la tio n  o f  (a )  g lu co se  b ro th ,
(b ) n e u tr a l is e d  f i l t r a t e ,  (c )  m ixtures in  vary ing  p ro p o rtio n s  
o f g lucose  b ro th  and th e  f i l t r a t e  fo llow ed  by in cu b a tio n  a t  
3 7 °C .fa r 24 h r .  The d e ta i l s  of th e  media and th e  tu r b id i ty  
measurements (a s  e x tin c t io n s )  a re  g iven  in  T ab le  18. The 
r e s u l t s  suggest th a t  th e  f i l t r a t e  supported  r a th e r  l e s s  growth 
th an  th e  f r e s h  g lu co se  b ro th . The d if fe re n c e  was s l i g h t  
and c e r ta in ly  not s u f f i c i e n t  to  account f o r  th e  lo s s  of 
v i a b i l i t y  in  th e  h ig h ly  a d d  c u l tu r e s .
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CQMUSIQN.
The lo s s  o f v i a b i l i t y  o f  S tre p .b o v is  in  g lucose 
b ro th  c u l tu re s  appears to  be due to  th e  s e n s i t i v i t y  o f  th e  
organism  to  a  pH below 5 .0  and no t to  any a p p re c ia b le  e x te n t 
to  th e  p resen ce  of m etabolic  p roducts  in  th e  medium o th e r  than  
th o se  causing  th e  a c id i ty .  At pH values between 5 .0  and 7 .0  
th e  lo s s  o f v i a b i l i t y  i s  r e l a t i v e l y  slow b u t below 5 .0  i t  
becomes extrem ely  ra p id .
The pH of th e  rumen c o n ten ts  o f c a t t l e  and sheep 
i s  u s u a lly  between pH 6 .0  and 7 .0  (S m ith , 1941) and although  
i t  may f a l l  to  below 6 .0  a f t e r  feed in g  (Monroe & P e rk in s , 1939) 
a  pH below 5*0 has on ly  r a r e ly  been reco rd ed  (G a ll ,  1946). 
There seems, th e r e f o r e ,  no reaso n  to  suppose th a t  th e  growth 
of S tre p .b o v is  in  th e  rumen would be severely checked by th e  
pH of th e  rumen c o n te n ts  in  anim als on a  normal d i e t .
-  5 3  -
1 P a r t  2
In v e s t ig a t io n s  B earing on th e  U t i l i s a t io n  o f
C arbohydrate by S trep tococcus B ovis in  th e  Rumen.
Many types of so lu b le  ca rb o h y d ra tes  added to  o rd inary  
pep tone-1  emoo b ro th  a r e  decomposed r e a d i ly  by S tre p .b o v is .
F o r example, growth becomes ra p id  on th e  a d d itio n  o f g lu co se , 
m altose  o r so lu b le  s ta r c h ,  b u t in  th e  absence of a  r e a d i ly  
a v a ila b le  carbohydrate  growth i s  much slow er. I t  would seem 
p ro b ab le  th e re fo re  th a t  th e  in c re a se  in  th e  numbers of S tre p , 
b o v is  which occu rred  in  rumen co n ten ts  in  s t a l l - f e d  anim als 
a f t e r  feed in g  r e s u l te d  from  th e  p resence  in  th e  fe e d  o f  a  r e a d i ly  
u t i l i s a b l e  sou rce  of carb o h y d ra te . Some s tu d ie s  have now been 
made o f th e  e f f e c t  on th e  numbers of S tre p .b o v is  o f adding 
carb o h y d ra te  to  rumen l iq u id  in  v i t r o . Such in  v i t r o  experim ents 
have th e  fo llow ing  advantages over experim ents in  v ivo .
(1 ) Com parative experim ents can be made ;u s in g  
p o r tio n s  of th e  same sample o f rumen c o n te n ts .
(2 )  The sam pling e r ro r  i s  sm a lle r .
(3 )  Substances may be added to  th e  rumen c o n ten ts  
which m ight be harm ful to  th e  animal  i f  added 
d i r e c t ly  to  the  rumen.
(4 )  The co n d itio n s  can b e  much more c lo se ly  c o n tro lle d .
The im portan t d isadvan tage  of th e  in  v i t r o  method i s  th a t  changes
which occur in  th e  n d c ro f lo ra  a re  no t n e c e s s a r i ly  th e  same as 
th o se  which occur in  v iv o . However, when rumen co n ten ts  were 
in cu b a ted  w ithou t any a d d itio n s  no g ro ss  d if fe re n c e s  were 
d e te c te d  in  th e  m icroscop ica l appearance o f th e  m ic ro flo ra  during 
th e  f i r s t  4  h r .  a lthough  a f t e r  in cu b a tio n  f a r  24 h r .  th e  changes 
in  th e  m ic ro flo ra  were c o n s id e ra b le .
_ 55 -
The breakdown o f m altose and maize s ta r c h  g ra in s  
in  v i t r o  in cu b a tio n  o f rumen l iq u id .
1 . Methods.
The method o f in  v i t r o  in cu b a tio n  was e s s e n t ia l ly  th e  
same as t h a t  used  by Pearson & Smith (1943a). Runen co n ten ts  
from  th e  s t a l l - f e d  f i s t u l a  anim als were removed between 1 to  
2 h r .  a f t e r  th e  anim als had been fe d . The sample was s t r a in e d  
and c e n tr ifu g e d  a t  2,000 r .p .m .f o r  5 min. To reduce  a e ra tio n  
t h i s  l iq u id  f r a c t io n  o f the  rumen co n ten ts  was f i l l e d  in to  500 mL. 
f la s k s  up to  th e  neck and th e  f la s k s  were then  covered w ith  a  
w atch g la s s .  The f la s k s  were in cu b ated  in  a  w ater b a th  a t  39° 
and th e  c o n ten ts  mixed by g e n tly  sw ir lin g  them every h a lf-h o u r  
during  th e  f i r s t  4  h r .  A dditions to  the  rumen l iq u id  c o n s is te d  
o f 5, g*of e i th e r  m altose o r maize s ta r c h  g ra in s  to  th e  500 ml. 
f l a s k s .  C on tro l f la s k s  o f th e  rumen l iq u id  were incubated  w ith ­
o u t any a d d itio n . Samples were tak en  a f t e r  in cu b a tio n  fo r  0 , 2 ,
4 ,  6 o r 24 h r . f o r  m icroscop ica l exam ination , S tre p .b o v is  ( p la te )  
count and tu r b id i ty  measurement.
For m ic ro sco p ica l o b se rv a tio n  h e a t- f ix e d  smears were 
s ta in e d  by Gram’ s method, w ith  a n i l in e  b lu e  (Baker & N asr, 1947) 
o r  w ith  io d in e . Wet mounts were a lso  s ta in e d  w ith  io d in e . In  
a l l  samples many ty p es  of m icro-organism s were observed so th a t  
only  predom inant ty p e s , th o se  n o tic e a b ly  suppressed  o r favou red
- 56 -
during  in c u b a tio n , a re  d e sc rib ed .
The t o t a l  nurrber o f m ere-o rgan ism s and the  p ro p o rtio n  
o f S tre p .b o v is  v ia b le  on s ta r c h  agar and th e  tu r b id i ty  measure­
ments were determ ined as d e sc rib ed  in  P a r t  1 .
2* R e s u lts .
(a )  M icroscop ical exam ination. The n d c ro f la ra  in  th e  
rumen l iq u id  a f t e r  in cu b a tio n  fo r  4  h r .w ith o u t added carbo­
h y d ra te  appeared to  be unchanged. In  th e  p resence  of m altose 
an in c re a se  o ccu rred  in  th e  numbers of G ram -positive  co cc i.
These were 0 .6  to  0 .8  p  diam. and were grouped m ostly  in  p a i r s  
o r sh o r t  c h a in s . T h e ir  in c re a s e  was r e a d i ly  apparen t as the  
rumen b a c te r ia  a re  m ostly  G ram -negative. The nunfoer of io d o - 
p h i l i c  b a c te r ia  a lso  in c re a se d  during  in c u b a tio n  w ith  m altose. 
The io d o p h ile s  were u s u a lly  c o cc i vary ing  in  d iam eter from
0 .4  t o  1 .4  p. and o ccu rring  as p a i r s ,  s h o r t  c h a in s , te t r a d s  
or clumps. In  some in c u b a tio n s , however, io d o p h ilic  v ib r io s ,
2 .0  to  3 .0  p  lo n g , predom inated. The io d o p h ilic  micro f l o r a  
always formed on ly  a  sm all p ro p o rtio n  o f th e  t o t a l  number of
m icro-organism s.
S im ila r  b u t much slow er changes in  th e  m ic ro flo ra  
were observed in  th e  rumen l iq u id  in cu b ated  in  th e  presence 
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b a c te r ia  s t i l l  predom inated , b u t G ram -positive  b a c te r ia ,  m ostly  
c o cc i 0*4 to  0*8 in  d iam eter occu rrin g  in  p a ir s  and s h o r t  
ch a in s  and a lso  G ram -negative v ib r io s  2 .0  -  3 .0  p. were beginning 
to  accu m ila te  around th e  s ta rc h  g ra in s . The few io d o p h ilic  
b a c te r ia  p re se n t a t  t h i s  tim e were a ls o  m ainly a s s o c ia te d  w ith  
the  s ta r c h  g ra ins*  A fte r  in cu b a tio n  fo r  24 h r . th e  s ta r c h  
g ra in s  were obscured by G ram -positive  b a c te r ia  which in c luded  
a  h igh  p ro p o rtio n  o f c o c c i 0 .4  ju -  1 .0  p. in  d iam e te r . I t  was 
a p p a re n t, however, th a t  la rg e  numbers of G ram -negative cocc i 
and v ib r io s  were a lso  a s so c ia te d  w ith  th e  g ra in s . These were 
no t so o u ts ta n d in g , because they  s ta in e d  le s s  in te n s e ly  th an  
th e  G ram -positive  b a c te r ia .
(b ) P la te  counts and tu r b id i ty  measurements.  The p la te  
counts during  th e  in cu b a tio n  of rumen l iq u id  in  th e  p resence of 
m altose  o r  maize s ta r c h  g ra in s  or w ithou t added carbohydrate  
a re  g iv en  in  T able  19* In  th e  absence of added carbohydrate  
th e  t o t a l  p la te  co u n t, which c o n s is te d  e n t i r e ly  of S tre p .b o v is  
did no t show any a p p re c ia b le  change in  4  o r 6 h r . But in  th e  
p resen ce  o f m altose  a  ra p id  in c re a s e  in  th e  numbers o f th e  
organism  occurred  in  2 h r .a n d  con tinued  up to  a t  l e a s t  6 h r .
No observations were made a f te r  longer periods of incubation 
w ith maltose. With s ta rch  grains, on the other hand, the to ta l  
p la te  count (again due en tire ly  to  S trep.bovis) showed only a
Table 20.
The tu r b id i ty  (Spekker re a d in g s )  o f rumen
l iq u id  in cu b a ted  in  v i t r o  w ith  1S& m alto se .
Sample
No.
T u rb id ity  (E) a f t e r  
in c u b a tio n  p e r io d  ( h r . )
0 2 4 6
1 0.20 0.29 0 .35 0 .35
2 0 .22 0.385
5 0.181 0.32
9 0 .17 0 .33
-  5 8  -
sm all in c re a se  in  6 h r .b u t  in c re a se d  ap p rec iab ly  in  24  h r . ,  
a lthough  i t  was s t i l l  much low er than  th a t  in  th e  p resence  of 
m altose a f t e r  in cu b a tio n  fo r  only  4  h r . Only one sample in cu b a ted  
in  th e  absence of added carbohydrate  was examined a f t e r  24 h r . 
(N o .5 , Table 19 ). T h is sample showed a marked in c re a se  in  th e  
t o t a l  p la t e  count a f t e r  24 h r . ,  bu t none o f the  b a c te r ia  th a t  
were i s o la te d  was S tre p , b o v is . Exam ination o f th e  p la te s  p repared  
from  low er d i lu t io n s  o th e r  than  th e se  used  f o r  th e  counting  p la te  
showed th a t  s ta r c h  h y d ro ly s is  was no g re a te r  on th e se  p la te s  
when p rep a red  a f t e r  24 h r .  in cu b a tio n  than  on th e  p la te s  p repared  
i n i t i a l l y  from  the  same d i lu t io n s .  T h is  showed th a t  no a p p re c ia b le  
in c re a s e  in  th e  numbers o f S tre p .b o v is  had occurred  in  t h i s  sam ple.
An in c re a s e  in  th e  t o t a l  numbers o f b a c te r ia  du ring  
in  v i t r o  in cu b a tio n  o f rumen l iq u id  w ith  m altose was shown by 
th e  tu r b i d i ty  of th e  b a c t e r i a l  suspensions (T ab le  20 ). M icros­
co p ica l o b se rv a tio n  showed th a t  d e s p ite  th e  la rg e  in c re a se  in  
S tre p .b o v is  G ram -positive  cocc i were always outnumbered by 
G ram -negative b a c te r ia .  Such growth must c o n s is t  of b a c te r ia  
in cap ab le  of growth on s ta rc h  agar p la te s  under th e  experim ental 
c o n d itio n s  u sed .
3. C onclusions.
These o b serv a tio n s  on th e  e f f e c t  of m altose and 
i n t a c t  s ta r c h  g ra in s  upon th e  grow th o f S tre p .b o v is  in  rumen
-  5 9  -
l iq u id  in  v i t r o  throw some l i g h t  upon r e s u l t s  re p o rte d  in  P a r t  1* 
I t  w i l l  be r e c a l le d  t h a t  th e  numbers o f S trep*bov is  in  th e  rumen 
l iq u id  of th e  two f i s t u l a  anim als when s t a l l - f e d  in c reased  f o r  
1 - 2  hr* a f t e r  they  had been fed* The sam ples o f rumen c o n ten ts  
f o r  th e  in  v i t r o  experim ents were c o lle c te d  2 - 3  hr* a f t e r  the  
anim als had fe d , i.e .w h en  th e  in c re a se  in  S tre p .b o v is  had 
stopped* I t  i s  n o t s u rp r is in g ,  th e re fo re ,  t h a t  when th e se  
samples were in cu b ated  in  v i t r o * w ithou t any a d d it io n , th e  numbers 
o f S tre p , bovis d id  no t in c re a s e , b u t th a t  on th e  a d d itio n  of 
m altose  a  sharp  in c re a se  r e s u l t e d ,  and i t  was c le a r  th a t  
u t i l i s a b l e  carbohydrate  cou ld  be con sid ered  to  be a  f a c to r  
in f lu e n c in g  th e  amount of growth o f Strep* bovis* The growth 
o f S tre p , bovis during  th e  in cu b a tio n  o f rumen l iq u id  co n ta in in g  
in t a c t  s ta r c h  g ra in s  suggested  th a t  the  organism  was ab le  to  
decompose i n t a c t  g ra in s  b u t th e  slow ness of th e  grow th alm ost 
ru le d  ou t any p o s s ib i l i t y  th a t  i n t a c t  g ra in s  had p a r t ic ip a te d  
s ig n i f ic a n t ly  in  th e  in c re a se  o f S trep*bov is  in  th e  rumen 
s h o r t ly  a f t e r  fe ed in g . I t  must a lso  be borne in  mind th a t  in  
th e  rumen s ta r c h  g ra in s  would be embedded in  p la n t  c e l l s  and 
would consequently  be even le s s  r e a d i ly  a v a i la b le  than  th e  s ta rc h  
g ra in s  added in  v i t r o *
I t  is  reasonable, there fo re , to  a ttr ib u te  the r i s e  in  
the numbers of Strep.bovis in  the rumen immediately a f te r  feeding
- S O -
to  th e  p resence  of s o lu b le  carbohydrate  in  th e  feed  and 
to  suppose th a t  th e  r a t e  of growth of S trep*bov is decreased  
when t h i s  carbohydrate  had been used . Carbohydrates such 
as g lu co se  and su cro se  which can be u t i l i s e d  by S trep  .b o v is  
a re  known to  occur in  ap p rec iab le  q u a n t i t ie s  in  g ra s s  (Laidlaw  
& R e id , 1952)* A fte r  th e  r e a d i ly  a v a ila b le  carbohydrate  o f 
th e  fe e d  has been used  th e  slow er decom position o f more complex 
carb ohydrates  such as s ta r c h  g ra in s  o r c e l lu lo s e  by th e  rumen 
m ic ro f lo ra  w i l l  p robably  be s u f f ic ie n t  in  i t s e l f  to  m ain tain  
th e  numbers o f  S tre p ,b o v is  in  th e  rumen a t  a  f a i r l y  c o n stan t 
lev e l*
-  6 1  -
The D ecom position o f I n ta c t  S ta rc h  G rains 
by S trep to co ccu s b o v is#
Growth of S tre p , bov is has been shown to  occur in  
in  v i t r o  in cu b a tio n s  of s t r a in e d  rumen l iq u id  co n ta in in g  
i n t a c t  maize s ta r c h  g r a in s ,  whereas no in c re a se  in  th e  numbers 
of t h i s  sp ec ie s  occurred  in  rumen l iq u id  to  which no carbo­
h y d ra te  had been added# S ince S trep#bov is  decomposes so lu b le  
s ta r c h  i t  seemed l i k e ly  th a t  i t  was ab le  a ls o  to  decompose 
th e  i n t a c t  s ta r c h  g ra in s  even i f  th e  r a t e  of decom position 
was co n sid e ra b ly  le s s  w ith  th e  g ra ins#  M icroscop ical observa­
t io n s  had shown th a t  even b e fo re  growth of S trep#bov is had been 
d e te c te d  by p la t in g  methods, th e  s ta r c h  g ra in s  were surrounded 
by c o c c i m orpho log ica lly  in d is t in g u is h a b le  from Strep*bovis*
The fo llo w in g  experim ents w ere, th e r e f o r e ,  undertaken 
to  determ ine to  what e x te n t S tre p , bov is  in  pure c u ltu re  was ab le  
to  decompose i n t a c t  s ta r c h  grains#
1* Experim ental*
The dry i n t a c t  s ta r c h  g ra in s  in  1 oz.McCartney screw - 
cap b o t t l e s  were s t e r i l i z e d  in  th e  au to c lav e  fo r  15 min*at 15 lb  
p re s su re . A sample from  each b a tch  of g ra in s  was examined m icros 
c o p ic a lly  a f t e r  s te r i l i z a t i o n *  The g ra in s  appeared to  be in t a c t  
and to  have r e ta in e d  t h e i r  b ire f r in g e n c e  when examined in  
p o la r iz e d  l ig h t*
-  62 -
20 m l.of s t e r i l e  b ro th  (O.fjb pep tone, 0.3$ ‘T e a s tre l* ,
PH 7*4 b e fo re  s t e r i l i z a t i o n )  was added to  each b o t t l e  co n ta in in g  
th e  s t e r i l e  g ra in s  and in o c u la ted  from  a  b ro th  c u l tu re  o f a  
s to c k  s t r a i n  o f  S trep*bov is  and incu b ated  a t  37°C. The un­
de compos ed s ta r c h  was reco v ered  by t r a n s f e r r in g  th e  c u ltu re  
q u a n t i ta t iv e ly  to  a  weighed Grade 4  s in te r e d  g la s s  f i l t e r .  The 
g ra in s  on th e  f i l t e r  were washed thoroughly  w ith  w a ter, d r ie d  w ith  
a lco h o l and e th e r  and then  h e ld  over CaCl2 in  a  d e s ic c a to r  b e fo re  
th ey  w ere weighed*
In  p re lim in a ry  experim ents th e  c u ltu re s  r a p id ly  became 
a c id  (pH 4*5) and on ly  a  very  sm all amount of s ta r c h  was decomposed. 
T h is was p robab ly  due to  th e  f a c t  th a t  S tre p .b o v is  i s  so 
extrem ely  s u s c e p tib le  to  a c id  ( p .$ 2 ), t h a t  th e  pH of 4*5 would 
cause th e  c u l tu re s  to  become s t e r i l e .  C e r ta in ly  i t  was found 
by th e  fo llo w in g  experim ent t h a t  th e  enzyme system  invo lved  in  
th e  h y d ro ly s is  of so lu b le  s ta r c h  by S tre p .b o v is  was most a c tiv e  
between pH 6 .0  and 6.5#
The d i a s t a t i c  a c t i v i ty  of a  c e l l - f r e e  
f i l t r a t e  o f S tre p , bov is was determ ined u s in g  so lu b le  
s ta r c h  in  b u ffe r  s o lu tio n s  of d i f f e r e n t  pH v a lu es .
S tandard  b ro th  (3 °  m l.) co n ta in in g  Q*5& so lu b le  s ta r c h  
was in o c u la te d  from  a  12 h r* b ro th  c u l tu re  of S tre p .b o v is  
and in cu b a ted  a t  37°C .fa r 12 hr* A c e l l - f r e e  f i l t r a t e  
was o b ta in ed  u sin g  a  S e i tz  f i l t e r .  The f i l t r a t e  was 
d i lu te d  to  te n  tim es i t s  volume w ith  s t e r i l e  d i s t i l l e d  
w a te r . 1 ml. o f th e  d i lu te d  f i l t r a t e  was added to  3 nl* 
of M cllvaine* s 0 . 2M-Na2HPQ4 -  Q.lM - ^ c i t r i c  a c id  b u ffe r  
s o lu tio n  (V ogel, 1946). 1 m l.o f 0 .3$  so lu b le  s ta r c h
Table 21.
The re s id u a l s ta rch  (as Spekker readings) in  c e l l -  
f re e  f i l t r a t e s  of S trep .bovis ( s tra in s  80 and 103) 
incubated a t  d if fe re n t pH -with 1 ml. of 0 .3 fo soluble 
s ta rch  fo r  3 hr* a t 37°C.
PH
Spekker re ad in g s
S tr a in  80 S t r a in  103
5 .0 0 ,20 0 .18
5 .6 0 .18 0.16
6*0 0.19 0.15
6 .2 0.16 -
6* 4 0.16 0.15
6 .6 - 0 .17
6 .8 0.19 0.18
7 .0 0 .21 0 .25
7 .6 0.25 0 .28
C on tro l 
(pH 6 .0 )
0.3 if 0 .32
-  6 3  -
■was added and the tubes were incubated fo r  3 h r .  
a t  37°• Buffer so lu tio n s  a t  pH 5 ,0 , 5*6, 6 .0 ,
6 .2 , 6 .4 , 6 .6 , 6 .8 , 7*0 and 7*6 were used.
The s ta rch  rem aining a f t e r  in cu b a tio n  
was determ ined  coloring? t r i e  a l ly  by the  method of 
Bourne, Haworth, Kacey 6c P ea t (1948). A c o n tro l 
tube  p rep a red  w ith  b u ffe r  a t  pH 6.0 was b o ile d  to  
d e s tro y  th e  d ia s ta s e  and th en  in cu b ated  f o r  3 h r .
The d ia s ta t ic  a c t iv i t ie s  of the  f i l t r a t e s  
from  two s t r a in s  of S trep .bov ia  (80 and 103) ©re 
g iven  as Spekker read ings in  Table 21 and P ig . 11, 
and show th a t  the optimum pH fo r  th e  d i a s t a t i c  
a c t i v i t y  of th e  f i l t r a t e s  was between 6 .0  and 6<>5 
and th a t  above pH 6.5 the a c t iv i ty  ra p id ly  d e c lin ed .
I n  view of th e se  r e s u l t s  obtained in  th e  prelim inary  experim ents
an a ttem p t was made to  co n tro l the  pH of the c u ltu re s  by
adding phosphate b u ffe r  so lu tio n s  to  the medium. A known
w eight (app rox im ate ly  1 g*) of th e  maize s ta r c h  g ra in s  was
s t e r i l i s e d  in  1 oz. McCartney b o t t l e s ,  and t h i s  was fo llow ed
by th e  a d d itio n  under a s e p tic  co n d itio n s  of 10 ml. double
s tre n g th  b ro th  and 10 ml.lv/2 phosphate b u f fe r .  The medium
was in o c u la te d  w ith  0 .2  ml. o f a 15 h r .  c u l tu re  of S tre p , bovis
i n  u n b u ffe red  b ro th . R ep lica te  c u ltu re s  were b u ffe re d  i n i t i a l l y
a t  pH 5 .3 ,  5 .9 > 6 .2 ,  6 .6 ,  7*0, 7«8 and 8 .0  and u n in o cu la ted
c o n tro ls  a t  pH 5.3* 7 .0  and 8 .0 .  The b o t t l e s  were incu b ated  a t  
o
37 and shaken g e n tly  each day to  r e d i s t r i b u t e  th e  s ta r c h .
At in te r v a ls  up to  8 d ays, c u ltu re s  were removed from th e  
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The e f f e c t  o f  pH on th e  h y d ro ly s is  of so lu b le  s ta r c h  by
c a l l - f r e e  f i l t r a t e s  of S treptococcus bovis*
R esid u a l s ta r c h  was determ ined  by th e  c o lo r im e tr ic  method 
o f  Bourne, Haworth, Hae^r and P e a t (1 % 8 ) a f t e r  in cu b a tio n
a t  J7°C«f©r 3 br®.
S tra in  80: -o -o - S tr a in  103:
Table 22*
The decomposition of maize s ta rc h  g ra in s  in  b u ffe red  c u ltu re s
of S treptococcus bovis.
I n i t i a l  pH Incushat ion 7/t.o f s ta rc h  (g . ) $  lo s s  in
o f c u ltu re p erio d  ( days) I n i t i a l F in a l w t.o f s ta rc h
0 (c o n tro l)36 0.99 0 .90 9 .1
1 1 .00 0.95 9 .5
2 0.99 0.95 4 .0
5 .3 3 1.02 0.93 8 .8
5 1.03 0.96 6 .8
7 1,01 0 .90 7.9
7 (c o n tro l) 0.99 0.90 9.1
1 1 .00 0.90 8 .0
2 1.03 0.91 11.7
5.9 3 1 .01 0.90 10.9
5 1 .01 0.88 12.9
7 1.07 0.91 15.0
1 1 .00 0.98 2 .0
6 .2 2 1 .00 0 .86 14.0
3 0.98 0 .8 3 15.3
7 1 .00 0.76 24.0
1 0.99 0 .90 9 .1
2 0.99 0.82 17.2
6 .6 3 0.97 0.82 15.5
5 0.95 0.71 25.3
7 0.97 0.6? 30.9
0 ( c o n tro l) 0.99 0.92 7 .1
2 0.95 0.81 14.7
7 .0 3 0.95 0.76 20.0
5 0.97 o. 67 30.9
7 0.98 0.47 52.0
7 (c o n tro l) 0.99 0.90 9 .1
1 0.95 0.89 6.3
2 0.97 0 .90 7.2
7 .4 3 0.97 0.91 6.2
5 0.98 0.56 42.9
7 0.99 0.45 54.5
0 (c o n tro l) 0.98 0.90 8 .2
8 .0 5 0.96 0.93 3.1
8 0.97 0.91 6 .2
8 (c o n tro l) 0.99 0.91 8.1
x uninocul& ted c o n tro l.
e x a m i n a t i o n  w a s  a l s o  m a d e .
2. R esu lts .
The lo s s  in  weight of maize s ta rch  in  cu ltu re s  a t
the  d if fe re n t i n i t i a l  pH values i s  shown in  Table 22 and F ig . 12.
The lo ss  in  weight in  th e  un inoculated  co n tro ls  a t
pH 5*3$ 7 .0  and 8 .0  would be p a r t ly  accounted fo r by the 
d iffe ren ce  in  th e  m oisture content of th e  s ta rc h  when th e  i n i t i a l  
and f in a l  weights were determ ined. The f in a l  weight of s ta rc h  
was determ ined a f te r  drying w ith  alcohol and e th e r and over 
calcium ch lo rid e  while the s ta rch  was not d rie d  befo re  the 
i n i t i a l  weighing. A sep ara te  determ ination of the m oisture 
content of the maize s ta rc h  grains was obtained l a t e r  by heating 
fo r  3 h r .a t  100°C. The lo s s  in  weight due to  m oisture was 
then  13*7/0 of th e  i n i t i a l  weight of th e  s ta rc h  and any lo ss  in  
weight cf le s s  than 13 . 7/0 must be assumed to  be due to  m oisture.
Ho grow th and consequently  no decom position of s ta rc h  
occu rred  a t  pH 8 .0 .  Ho s ta r c h  decom position was observed during  
in cu b a tio n  f o r  7 days in  b ro th  o f i n i t i a l  pH 5*3* In  th e  
c u ltu re s  a t  th e  o th e r  i n i t i a l  pH v a lu es  s ta rc h  was decomposed 
a f t e r  vary ing  p e rio d s  of in cu b a tio n  and a f t e r  7 days th e  q u a n tity  
o f s ta r c h  decomposed decreased  w ith  decreasin g  i n i t i a l  pH o f the  
c u l tu re s .  The amount of b u ffe r  was in  no c u l tu re  s u f f ic ie n t  to  




























T I M E  (DAYS)
The e f f e c t  a t th e  i n i t i a l  £0 in  b u ffe re d  b ro th  c u l tu re s  
o f S trep tococcus bov is  on th e  decom position of
zuaise starch  grains®
-  63 ~
A ttem pts to  c o n tro l th e  pH -with more co n cen tra ted  b u ffe r  caused 
marked in h ib i t io n  of th e  growth of Strep® bovis and even w ith  the  
co n ce n tra tio n  of b u ffe r  which was used ( f i n a l  conc.I^A ) 
c u ltu re s  o c c a s io n a lly  f a i l e d  to  grow. However, during  th e  
f i r s t  3 days the f a l l  in  pH was slow and during  t h i s  tim e 
th e re  was l i t t l e  decom position of s ta rc h  below pH 6 .0  and above 
7 .0 . T his might be expected , fo r  a lthough  th e  e f f e c t  of pH 
upon th e  p ro d u c tio n  o f  d ia s ta s e  was no t in v e s t ig a te d , th e  
a c t i v i t y  of th e  d ia s ta s e  i t s e l f  has been shown to  be g re a te s t  
a t  pH 6 .0  to  6 .3  ( p . 62 ). M oreover, the  growth of S trep .b o v ia  
w h ile  extrem ely  ra p id  between pH 6 .0  and 7 .0  i s  much slow er 
a t  low er pH v a lu es  ( p . 52 ).
The decom position of th e  s ta r c h  could  con tinue  only  
u n t i l  th e  pH of th e  medium had been reduced  to  the le v e l  
in h ib i to r y  to  th e  a c tio n  of th e  d ia s ta s e  so t h a t  the  h ig h e r 
th e  i n i t i a l  pH th e  g re a te r  th e  amount of a c id  re q u ire d  (and  
hence th e  g re a te r  th e  amount of s ta r c h  decomposed) to  b rin g  
th e  pH to  th e  in h ib i to r y  le v e l .  Thus, th e  g re a te s t  amount 
o f  s ta r c h  was decomposed in  th e  b ro th  in  which th e  i n i t i a l  
pH was 7 . A. The l e a s t  was shown in  b ro th  in  which th e  
i n i t i a l  pH was 5*3.
The decom position o f s ta r c h  g ra in s  from o th e r  sources 
( r i c e ,  p o ta to  and w heat) was confirm ed in  s im ila r  c u ltu re s
Table 23.
Tbs decom position o f s ta r c h  g ra in s  from  d i f f e r e n t  
souroes in  c u l tu re s  of S tre p ,b o v is  b u ffe re d  
i n i t i a l l y  a t  pH 7 .0 «
Source o f 
s ta r c h
In cu b a tio n  
p e rio d  (days)
Iv t.o f s t a f - > lo s s  
in  urt. 
o f  s ta r c h
I n i t i a l P in a l
0 (c o n tro l) '35 0.97 0.97 0 .0
2 0.96 0 .8 4 1 2 .5
K aize 4 0.96 0.65 32.3
6 0.96 0 .62 35*4
6 ( c o n tro l) 0.95 0.95 0 .0
0 ( c o n tro l) 0.94- 0.91 3 .2
2 0.92 0 .85 7 .6
P o ta to 4 ■ 0 .95 0 .6? 2 8 .0
6 0# 92 0.55 4 0 .2
6 ( c o n tro l) 0 .95 0.92 1 .1
0 ( con tro d ) 0 .9 4 0.93 1 .1
2 0 .93 0 .77 1 7 .2
R ice 4 0 .90 0.68 2 4 .4
6 0 .90 0.59 54 .4
6 ( c o n tro l ) 0 .90 0.88 2 .2
0 ( c o n tro l) 0 .93 0.92 1 .1
2 0.92 0.86 6 .5
Y/heat 4 0.91 0 .63 30.8
6 0.91 C.57 37 .4
6 ( c o n tro l ) 0.92 0 .9 0 2 .2
u n in o c u la ted  co n tro l#
b u ffe re d  to  an i n i t i a l  pH of 7*0 (T ab le  23 and P ig . 1 3 ).
There was l i t t l e  d if f e r e n c e  in  th e  amount of each s ta r c h  
decomposed a f t e r  6 days although a f t e r  2 days the  r e s u l t s  
su g gested  th a t  th e  decom position of p o ta to  and ■wheat s ta r c h  
was slow er th an  th a t  of r i c e  o r m aize. The m oisture co n ten t 
of th e  s ta r c h  g ra in s  e stim ated  s e p a ra te ly  was fo r  m aize, 
p o ta to ,  r i c e  and wheat re s p e c t iv e ly  1 3 .7 , 1 7 .6 , 13*0 and 
12*4$ o f th e  i n i t i a l  w eight of th e  s tarch*
M icroscop ical o b se rv a tio n s  shewed th a t  th e  o n se t of 
decom position o f the  s ta r c h  g ra in s  was preceded  by th e  massing 
o f th e  co cc i round th e  g ra ins*  The f i r s t  in d ic a t io n  of 
decom position was th e  appearance o f p i t t i n g  on th e  su rface  
o f th e  g ra in s . D uring decom position th e  in te n s i ty  of the 
s t a i n  w ith  io d in e  g ra d u a lly  became weaker and b ire fr in g e n c e  
was l o s t .  F in a l ly  th e  g ra in s  u su a lly  became hollow , th e  
l a s t  p a r t  to  d isap p ea r being th e  outerm ost and a p p a ren tly  
most r e s i s t a n t  la y e r .  Evidence to  show th a t  s ta r c h  g ra in s  
a re  no t homogeneous b u t have tough la y e rs  which a re  more 
r e s i s t a n t  to  a t ta c k  by b a c te r ia  th an  o th e r  p a r ts  of th e  g ra in s  
i s  in d ic a te d  by th e  work of B aker, N asr, M orrice & Bruce (1950) 
and o f Baker & Whelan (1950).
An io d o p h ilio  re a c tio n  was observed in  some of th e  
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T I M E  (DAYS)
a s
She deoonpositiora o f m iz e *  p o ta to  9 r i c e  and itxeat s ta r c h  g ra in s  
in  b u ffe re d  b ro th  ( i n i t i a l  jH 7«0) c u ltu re s  
o f S trep tococous bo^js»
-  6? -
a f te r  incubation  fo r  2 days and a lso  a f te r  a longer period  
of incubation  in  c u ltu re s  i n i t i a l l y  a t  pH 6 .6 . Tbs absence 
o f io d o p h ilic  cocci in  th e  other cu ltu re s  suggests th a t  the 
pH range w ith in  which io d o p h ilic  polysaccharide i s  s to red  by 
S trep .b o v is  i s  somewhat narrow.
The Synthesis of Polysaccharide by Streptococcus bovis.
The production o f s ta rc h - l ik e  polysaccharide i s  
one of the  s tr ik in g  fe a tu re s  of the  micro-organisms in  th e  
rumen, (Henneberg, 1922; Baker, 1943)• Recently the 
sy n th esis  of io d o p h ilic  polysaccharide has been demonstrated 
in  c u ltu re s  and in  n o n -p ro life ra tin g  suspensions o f a number 
o f s tr a in s  of widely d if fe r in g  species of b a c te r ia  including  
Corynebacterium d ip h th e riae  (Hebre, Carlson & N e il, 1947), 
N e isse ria  (Hehre & Hamilton, 1948), A cetobacter (Tosic &.
Walker, 1950), C lo s tr id ia  (Baker & N asr, 1949) and E scherich ia  
c o l i  (Monod & T o rr ia n i, 1950). The conditions f a r  the  production 
and probably the n a tu re  of the io d o p h ilic  polysaccharide v aried  
w ith  the d if f e re n t  sp ec ies . Hehre, Carlson & N eil (1947) 
found th a t  two of nine dextran-prodncing s trep to co cc i were 
ab le  to  syn thesise  s ta rc h - l ik e  polysaccharide from g lucose- 
1-phosphate bu t no t from glucose or 3ucrose.
-  6 8  -
Van d er Wath (1948) claim ed to  have i s o la te d  an 
io d o p h ilic  s tre p to co c c u s  from the  rumen of sheep* T his 
s trep to co ccu s  which appears from  Van d er Wath* s d e sc r ip tio n  
to  be S tre p .b o v is  was i s o la te d  from maize s ta r c h  k e rn e ls  
which were observed to  be surrounded by la rg e  numbers of 
io d o p h il ic  co cc i and by sm a lle r numbers o f n o n -io d o p h ilic  
b a c te r ia *  Van der Wath seemed to  assume th a t  th e  s trep to co ccu s 
i s o la te d  and th e  io d o p h ilic  co cc i observed on th e  s ta r c h  
g ra in s  were id e n t ic a l  and d id  no t dem onstrate th e  in  v i t r o  
p ro d u c tio n  o f  io d o p h ilic  m a te r ia l  in  pure  cu ltu re*
In  th e  p re se n t s tudy  io d o p h ilic  c e l l s  of Strep* 
bov is  were observed ( p .66) in  c u ltu re s  co n ta in in g  maize 
s ta r c h  g ra in s  in  b ro th  b u ffe re d  to  an i n i t i a l  pH of 6 .2  and 
6*6. Some s tu d ie s  of th e  a b i l i t y  of S tre p .b o v is  to  
sy n th e s is e  s ta r c h - l ik e  p o ly sacch arid e  from  d i f f e r e n t  
carbohydrates  in  l iq u id  and on s o l id  media a re  re p o r te d  h e re .
B roth  co n ta in in g  O.^o ,Lemcot , Q .^j pep tone, ifo 
ca rbohydrate  ( s ta r c h ,  d e x tr in  o r g lucose} and lv/4 phosphate 
b u f fe r  a t  pH 6.6 was in o c u la te d  w ith  0 .2  m i.o f a  15 h r .  
c u l tu re  o f S tre p .b o v is  in  s tan d a rd  b ro th . The c u l tu re s , in  
McCartney b o t t l e s ,  were incu b ated  a t  37°C.and one c u ltu re  
was removed on each of te n  days f o r  exam ination fo r  th e  
p re sen ce  o f io d o p h ilic  p o ly sacch arid e . The c u ltu re  was
•  69 -
c e n tr ifu g e d  and th e  b a c te r ia l  sedim ent and th e  su p ern a tan t 
l iq u id  examined in  d ry , unheated  smears a f t e r  s ta in in g  w ith  
Lugol* s io d in e . No io d o p h ilic  p o ly sacch arid e  was found in  
th e  b a c te r ia  in  any of th e  c u ltu re s  o f th re e  d i f f e r e n t  
s t r a in s  of S tre p .b o v is .
To in v e s t ig a te  p o ly sacch arid e  s y n th e s is  on s o l id  
media p la te s  were p rep a red  from  a medium co n ta in in g  O.^o 
Lemco, 0 . ^  pep tone, 1.5/b agar a t  pH 7»0 w ith  1$ o f th e  t e s t  
carbohydrate . These p la te s  were s tre a k e d  w ith  a  b ro th  
c u l tu re  o f S tr e p .b o v is .  s e a le d  to  p reven t d ry ing  o f th e  
medium and examined d a ily  during  aero b ic  in cu b a tio n  a t  37°C.
The n ine  s t r a in s  te s te d  a l l  gave an io d c p h ile  r e a c t io n  when 
grown in  th e  p resence  of s ta r c h .  Three of th e se  s t r a in s  
were a ls o  grown on agar c o n ta in in g  d e x tr in ,  m alto se , g lu c o se , 
suorose  or sodium l a c t a t e  and on s ta r c h  and g lucose  to g e th e r ,  
b u t an io d o p h ilic  r e a c t io n  was observed only on d e x tr in  and, 
w ith  2 of th e  s t r a i n s ,  on m alto se . The s t r a in  which f a i l e d  
to  show any co lou r w ith  io d in e  when grown on m altose gave 
only  a  weak re a c t io n  when grown w ith  s ta r c h  o r d e x tr in .
The in te n s i ty  of th e  b lu e  co lou r v a r ie d  w ith  th e  s t r a i n  o f 
S tre p .b o v is . The io d o p h ilic  p o ly sacch arid e  was n o t u s u a lly  
d e te c te d  b e fo re  th e  f i f t h  day of in c u b a tio n . When most in te n s e ,
-  70 -
th e  grow th of io d in e -flo o d ed  p la te s  was deep b lue  and m icroscopic 
exam ination showed la r g e  numbers of p u rp le  to  dark b lue  co cc i. 
S ta rc h  when p re sen t in  th e  medium was com pletely  hydrolysed  in  
th e  a re a  around th e  grow th and was no t d i r e c t ly  re sp o n s ib le  f a r  
th e  b lu e  co lou r of th e  c o c c i. In  th e  p resence  of g lucose  and 
s ta r c h  to g e th e r  th e  p ro d u c tio n  of io d o p h ilic  m a te r ia l  was 
in h ib i te d  and th e  zones of s ta r c h  h y d ro ly s is  in  th e  medium were 
sm a lle r th an  in  th e  absence o f g lu co se .
These r e s u l t s  which show th a t  b a c te r i a l  p o ly sacch arid e  
was formed in  media c o n ta in in g  s ta r c h ,  d e x tr in ,  o r m altose b u t, 
under th e  c o n d itio n s  of th e  experim ent, n o t from g lu c o se , or 
s ta r c h  in  th e  p resence  o f g lu c o se , b ea r a resem blance to  r e s u l t s  
o f work by Monod & T o r r ia n i  (1950) who found th a t  s t r a in s  of 
E sc h e r ic h ia  o o li  were a b le  to  sy n th e s ise  io d o p h ilic  po ly sacch arid e
from  m altose  according to  th e  fo llow ing  equation
n C12H22O11 am ylom altase ( G6%Q°C))n + n C^H^Og
+ w a ter
(m alto se ) (p o ly -  (g lu co se)
sacch a rid e )
D oudaroff, H ass id , Putman, P o t te r  & Lederberg (1949) found 
th a t  th e  r e a c t io n  was re v e rse d  in  th e  p resen ce  of g lu co se , th e  po ly ­
sacch a rid e  being  g ra d u a lly  broken down and m altose being formed.
I t  would be of i n t e r e s t  to  determ ine w hether th e  s y n th e tic  p ro cesses  
in v o lv ed  in  th e  fo rm ation  of io d o p h ilic  p o ly sacch arid e  by S tre p . 
b o v is  a re  s im ila r  to  th o se  in  E .c o l i .
-  7 1  -
Summary and C onclusions to  P a r t  2.
(1 )  Samples o f rumen co n ten ts  were c o l le c te d  from 
th e  two f i s t u l a  an im als, when th e y  were s t a l l - f e d ,  
approxim ately  2 h r . a f t e r  th e  morning fe e d , i.e .w h en  th e  
in c re a s e  in  the  numbers of S tre p .b o v is  (P a r t  l )  had 
stopped . These samples a f t e r  s t r a in in g  through m uslin 
were in cu b a ted  in  v i t r o  fo r  4  to  24 h r . w ith  and w ithout 
th e  a d d itio n  o f carb o h y d rate . In  th e  absence o f any 
a d d it io n , th e  numbers o f S tre p .b o v is  rem ained c o n s ta n t; 
when tyo m altose  was added th e  numbers in c re a se d  ra p id ly  
and when maize s ta r c h  g ra in s  (3$) were added a  much slow er 
in c re a s e  o f S tre p , bovis o ccu rred . From th e se  r e s u l t s  i t  
was concluded th a t  in  the samples of rumen l iq u id  th e  
numbers o f S tre p .b o v is  were l im i te d  m ainly by th e  amount 
o f s o lu b le  carbohydrate  a v a ila b le  and th a t  s ta r c h  g ra in s  
co u ld  n o t have caused  th e  in c re a s e  in  the  numbers of 
S tre p .b o v is  in  th e  rumen which occurred  s h o r t ly  a f t e r  the  
anim als were f e d .
(2 )  The in c re a s e  in  th e  numbers of S tre p .b o v is  in
-  72 -
in  v i t r o  in c u b a tio n s  co n ta in in g  s ta r c h  g ra in s  and, a l s o ,  th e  
o b serv a tio n  th a t  co cc i resem bling S tre p .b o v is  formed a  h igh  
p ro p o rtio n  of th e  t o t a l  b a c te r ia  a s so c ia te d  w ith  the  
decomposing g ra in s  prompted an in v e s t ig a t io n  of th e  a c tio n  
o f pu re  c u ltu re s  of S tre p .b o v is  upon in t a c t  s ta rc h  g ra in s . 
S ta rc h  g ra in s  from m aize, p o ta to , r i c e  and wheat were found 
to  be  decomposed. The optimum pH appeared to  be between
6 .0  and 7*0. The optinnm pH f o r  th e  breakdown o f so lu b le  
s ta r c h  by c e l l - f r e e  f i l t r a t e s  of S tre p .b o v is  was between
6 .0  and 6 .5 .
(3 )  A fte r  io d o p h ilic  c e l l s  had been observed 
m ic ro sco p ica lly  in  some o f th e  pure c u ltu re s  of S tre p .b o v is  
c o n ta in in g  s ta r c h  g ra in s  an in v e s t ig a t io n  o f th e  sy n th es is  
o f io d o p h ile  p o ly sacch arid e  was begun. S tre p .b o v is  was 
shown t o  s y n th e s is e  io d o p h ile  p o ly sacch arid e  when grown on a 
s o l id  medium co n ta in in g  e i th e r  s ta r c h ,  d e x tr in  o r m altose 
b u t n o t g lu c o se , sodium l a c t a t e ,  su cro se  o r s ta rc h  and g lucose 
to g e th e r .
-  7 3  -
P a r t  3»
Some s tu d ie s  o f m icro-organism s of th e  rumen, 
o th e r  than  S trep to co ccu s b o v is .
The frequency  w ith  which co lo n ie s  of S trep .b o v is  
appeared  on n e a r ly  a l l  th e  media co n ta in in g  peptone re s u l te d  
in  th e  d e c is io n  to  co n ce n tra te  th e  work on th i s  organism.
The r e s u l t s  o f s tu d ie s  on o th e r groups of b a c te r ia  re p o rte d  
h e re  a re  r e a l i s e d  to  be incom plete.
1 . M icro-organism s developing under th e  same c u l tu r a l  
c o n d itio n s  as S tre p .b o v is .
Q uite o fte n  no co lo n ie s  of b a c te r ia  o th e r th an  
S tre p .b o v is  grew on d i lu t io n s  which gave v /e l l- is o la te d  
c o lo n ie s . The o th e r  sp ec ie s  th a t  were i s o la te d  in c luded  
m icro co cc i, l a c t o b a c i l l i ,  spare-fo rm ing  b a c i l l i  and , most 
f r e q u e n t ly ,  G ram -positive , non-sporing  ro d s . S trep to co c c i 
o th e r  th an  S tre p .b o v is  were r a r e ly  i s o la te d  on t h i s  medium. 
From 111 samples of rumen l iq u id  1,606 co lo n ie s  were examined. 
7itf* were S tr e p .b o v is , l6/o G ram -positive , c a ta l  as e -p o s i t iv e ,  
non-sporing  ro d s , l^b m icrococc i, 2̂  L a c to b a c i l l i ,  sp o re -  
form ing ro d s  and th e  rem aining c o n s is te d  o f organisms 
th a t  were e i th e r  u n id e n t i f ie d  or. f a i l e d  to  grow. The
-  7 4  -
p ercen tag e  of co lo n ie s  o f S tre p .b o v is  was h ig h e r and of 
G ram -positive  ro d s  lower on th e  p la te s  co n ta in in g  rumen 
samples, from  E rn es t ( 85$ ,  S$) than  from Daphne (62$ , 2 % ) .
A ll th e  sp ec ie s  th a t  were i s o la te d  were f a c u l ta t iv e  anaerobes. 
L a c to b a c i l l i .
The few s t r a in s  of L a c to b a c i l l i  i s o la te d  on s ta r c h  
(o r  g lu co se) agar v a r ie d  in  t h e i r  c h a r a c te r i s t i c s ;  they  were 
no t o f one s p e c ie s , and were ob ta ined  only  from one animal 
(Daphne).
I t  was th o u g h t, a t  f i r s t ,  th a t  th e  f a i l u r e  to
d e te c t  more th an  a few l a c t o b a c i l l i  m ight have been due to
th e  u se  of u n s u ita b le  media. A ccordingly o th e r  media were
used  w ith  th e  o b je c t f i r s t l y  of c u t t in g  out o th e r sp ec ie s  and
secondly  o f s a t i s f y in g  b e t t e r  the  r a th e r  s p e c ia l is e d
n u t r i t io n a l  requ irem en ts  of th i s  genus. On g lucose  agar
a d ju s te d  to  pH 4 .0  w ith  0.5,^ a c e t ic  a c id  car to  pH 2^.8
w ith  2$ sodium l a c t a t e  (D avis, 1935) l a c t o b a c i l l i  grew
9  2in  numbers of 6 x  10 to  90 x  10 p e r ml.rumen l iq u id .
The coun ts were s im ila r  whether th e  p la te s  had been incu b ated  
in  an atm osphere of alm ost pure  carbon d io x id e  o r in  hydrogen. 
The p a r t i c u la r  sp ec ie s  of l a c t o b a c i l l i  were not f u l l y  determ ined 
b u t s u f f i c i e n t  in fo rm atio n  was a v a ila b le  to  show th a t  they
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v aried  w ith d if fe re n t  samples of rumen l iq u id . S im ilar numbers 
of la c to b a c i l l i  were is o la te d  on beerwort agar buffered  to  
pH 3.5 and on a medium o rig in a lly  devised fo r  the growth of 
A cetobacter species and containing sucrose , ethanol and y east 
e x tra c t and a c id if ie d  to  pH 4*0 w ith  a c e tic  ac id . Both the 
c a r ro t - l iv e r  ex tract-pep tone medium (pH 7 .0 ) recommended 
by F o s te r , Carey & F ra z ie r  (1941) fo r  the growth of l a c t ic  
acid  b a c te r ia  includ ing  la c to b a c i l l i  and milk serum agar 
( B r i t is h  Standards I n s t i tu t io n ,  1940) m odified by th e  
ad d itio n  of iCfZ tomato e x tra c t supported the growth of 
S trep .b o v is  and prevented the d e tec tio n  of the presumably 
sm aller numbers of l a c to b a c i l l i .  No la c to b a c i l l i  were 
d e tec ted  using a c id if ie d  (pH 4*0) glucose agar in  th e  one 
sample of rumen l iq u id  from E rnest which was examined, or
in  the 54 samples p la ted  on s ta rc h  agar.
L a te r , during the examination of the rumen contents
of calves small nunhers of la c to b a c i l l i  were is o la te d  in
add ition  to  S trep .b o v is  on glucose agar supplemented w ith
2 . yeas t  au to ly sa te  (D avis, 1939)* Rumen samples from 
two calves were a lso  p la te d  on a medium contain ing  *Tween 
80*. This substance, a so rb itan  mono-oleate polyoxyalkylene 
d e r iv a tiv e  (G-lassman 1941), had not been av a ila b le  fo r  the 
e a r l ie r  work. ’Tween 80f provides o le ic  acid  in  a convenient
-  7 6  -
and non-toxic form and had been used su ccessfu lly  by Keddie
(1951) fo r  th e  enumeration of L a c to b a c illi  on grass and in  
s ila g e . The medium contained 3$ Lemco, 3$ peptone, 3$ g lucose , 
2Qr/o tomato ju ic e , 5$  y eas t au to ly sa te  and 0*05$ ’Tween 80*.
The pH was ad justed  to  5 .4  w ith sodium a c e ta te -a c e tic  acid 
b u ffe r so lu tio n  ( f in a l  conc.0.2M). In  one c a lf  a pure cu ltu re  
of a la c to b a c illu s  was obtained on th i s  medium, corresponding 
to  a count of 60 x 10^ per ml.rumen liq u id , and in  a second 
c a lf  a mixed c u ltu re  of S trep .bov is  and la c to b a c i l l i  gave 
a  count of 11 x lo3 la c to b a c i l l i  per ml. L a c to b a c illi  in  
th e  rumen of calves were not d e tec ted  on glucose agar 
con tain ing  y eas t au to ly sa te .
The ’Tween 80* medium has not yet been used fo r the 
detection and estim ation of la c to b a c i l l i  in  the rumen of 
adult c a t t l e ,  and i t  i s  possible th a t i t  might reveal the 
presence of la rg e r  numbers of la c to b a c il l i  than were obtained 
with other media. The re s u lts  obtained so f a r ,  however, 
suggest th a t the genus L actobacillus is  of no importance 
in  the adult rumen.
Gram-positive non-sparing rods (Type A).
The micro-organism most frequently  iso la ted  under 
the same conditions as Strep.bovis and occasionally present
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in  la rg e r  G2TS b  Q V S  W<5L3 Ql CrẐ SJH®- P0kj3.*tlLV0 ,
non-sparing, non-m otile rod , 0*8 jz wide by 1*4 to  3*0 ft 
long. The rods occurred s ing ly  or in  angular or p a lisad e  
arrangem ent; they freq u en tly  showed metachromatic granules 
when s ta in ed  w ith  methylene blue and were s l ig h t ly  pleomorphic 
some having rounded, swollen ends. This sp ec ies , Type A, 
was thus m orphologically s im ila r  to the Gorynebacteriuin, 
Microbacterium and o ther r e la te d  genera. I t  d if fe re d  from 
the M icrobacteria  in  growing as w ell in  carbon dioxide as 
in  a i r  and in  g iv ing  good growth a t  both 37° and 30°, 
s l ig h t  growth a t  45° and none a t  15°. I t  appeared to  be 
s im ila r  to  a bacterium  is o la te d  by O rla-Jensen (1919) from 
c a l f  faeces which he p ro v is io n a lly  included w ith  the  
M icrobacteria bu t which d if fe re d  from the l a t t e r  in  forming 
in a c tiv e -  and not d - la c t ic  acid . This point has not y e t 
been in v e s tig a te d  w ith  Type A.
Type A produced c a ta la se , f a i le d  to  hydrolyse starch  
or liquefy  g e la tin  and produced no change in  litm us mi l k.
I t  reduced n i t r a t e  to  n i t r i t e  and formed ac id  from glucose, 
m altose, sucrose and s a l ic in  but not from la c to s e , arab inose , 
r a f f in o s e , zy lose , m annitol, in u lin , d ex trin  or p ec tin .
I t  formed a yellow pigment on potato  but u su a lly  no pigment
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on glucose or milk agar; indole was not formed and the 
Voges-Ii'oskauer t e s t  fo r  aceto in  gave a v a r ia b le  but u su a lly  
weak p o s it iv e  re a c tio n .
The numbers of co lonies of Type A developing on 
th e  s ta rc h  agar p la te s  v a ried  considerably from sample to  
sample (F ig .14)* The c h a ra c te r is t ic s  of the  organisms 
is o la te d  from the rumen were constant over a long perio d  of 
observation and no o ther m orphologically s im ila r  b a c te r ia  
were d e tec ted . The mean count fo r  26 samples of rumen 
l iq u id  from each animal was 111 x icA fo r  Daphne and 
35 x 1(A from E rnest. The organism was obviously presen t 
in  the rumen in  sm aller numbers than S trep .b o v is  and was 
hence freq u en tly  overgrown.
A simple medium v/as prepared on which S trep .b o v is  
was unable to  grow s in ce  i t  f a i l s  to  u t i l i s e  ammonia-N.
This medium had the follow ing composition; 0 .4  g.MgSO^. 
7H20, 0 .1  g.NaCl, 0 .1  g.CaCl2.6H20 , 0.01 g.FeSO^.THgO,
1 g. ( I^ 4.)2S04 > 50 ml.M-KHgPO^-Na^Q^ b u ffe r  so lu tio n  a t 
pH 7 .0 , 10 g. s ta rc h , w ater to  1 l i t r e .  The counts of Type 
A from s ix  samples of rumen l iq u id  p la te d  on th is  medium 
v aried  from 8 x 10^ to  155 x 10^ per ml.rumen l iq u id .
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be of Type A. The colonies of Type A on th is  medium were
very small and were, th e re fo re , very d i f f i c u l t  to  t r a n s f e r  to
f re s h  medium* B e tte r  growth of Type A was obtained on a
la c ta te  medium devised by 3hat & Barker (1947) fo r  the
growth of c e r ta in  anaerobes (see  below). This medium had
the following composition; 1 g. sodium la c ta te ,  0 .3  g .y eas t
a u to ly sa te , 0.05 g ^ B B ^ S O ^ , 0.01 g.MgSQ^T^O, 0.05 g*K2HP04 ,
0.002 g.FeSOj^.TB^O, tap  w ater 100 ml. and 1 m l.of a 5$ so lu tio n
of sodium th io g ly c o lla te . On th is  medium incubated a t  37°
in  C0£ Type A was u su a lly  th e  predominant bacterium  although
G-ram-negative rods giving acid  and gas in  glucose and la c to se
(probably B act.aerogenes) were also  p resen t. The numbers of
Type A is o la te d  in  th is  medium from samples from Daphne were 
3 ^between 29 x 10 and 300 x 10^ and in  samples from Ernest they 
were between 6 x 10^ and 19 x 10^ per ml.rumen l iq u id .
S im ilar r e s u l t s  were obtained when the th io g ly c o lla te  or the 
y east au to ly sa te  was om itted and s l ig h t ly  lower counts were
ci Oobtained a t  30 than a t  37 • When the la c ta te  was replaced  
in  the  medium by glucose as the source of carbon, Strep.bovis 
again in te r fe re d , po ssib ly  u t i l i s in g  th e  organic sources of 
n itro g en  p resen t in  the yeast au to ly sa te . On the Bhat and 
Barker medium incubated in  a i r  th e re  was a very mixed m icroflora
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which v a ried  from sample to  sample. A ll the  species 
is o la te d  grew a e ro b ic a lly  in  the absence of th io g ly c o lla te . 
T he ir growth was not te s te d  in  the absence of oxygen.
From the above r e s u l ts  i t  appears th a t  Type A was 
a constan t in h ab itan t of the rumen of th e  two f i s t u l a  
animals although the numbers were very small in  r e la t io n  
to  the  to ta l  numbers of rumen micro-organisms and were 
lower even than those of S trep .b o v is . Type A, u n lik e  
S tre p .b o v is , appeared to  u t i l i s e  la c ta te  as a source of 
carbon and ammonium s a l t s  as a source of n itro g en . Type 
A may belong to  th e  Cory neb ac t erium or a c lo se ly  r e la te d  
group but d if f e r s  from many of the saprophytic b a c te r ia  of 
such groups in  giving good growth a t  37° as w ell as a t  30° 
and in  reducing n i t r a t e  to  n i t r i t e .
<
2. Micro-organisms capable of growth on various s e le c tiv e  
media.
Experimental work was c a r r ie d  out to  determine 
whether some of the  commoner f a c u lta t iv e  aerobic micro­
organisms which have been is o la te d  by various workers from 
th e  in te s t in e ,  were p resen t to  any ex ten t in  the rumen, and 
a lso  to  determine whether c e r ta in  groups of anaerobes could 
be is o la te d  from the rumen. In  ad d itio n , an attem pt was
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made to  c u l t iv a te  th e  cellu lose-decom posing  b a c te r ia  of th e  
rumen*
(a )  E n te ro co cc i. The ’S .F . 1 medium of Hajna & P erry  
(^943) co n ta in in g  g lu co se , pep tone, •Y eastrel*  and 0 . 0 ^  
sodium a z id e  and in cu b ated  a t  4 5 °C .is  f r e q u e n tly  used  to  
g iv e  an e s tim a te  a? Me n te ro co c c iw. The growth ob ta ined  on 
t h i s  medium a f t e r  in o c u la tio n  w ith  rumen l iq u id  c o n s is te d  
only  of 3 tre p * b o v is . S t r e p ,f a e c a l i s  and o th e r  en te ro co cc i 
were not d e te c te d ,
(b ) G oli -aerogenes group. Both S trep , bov is and th e
bacte rium  Type A grew on McGonkey agar p la te s  and any b a c te r ia
of th e  c o li-a e ro g en e s  group which may have been p re sen t were
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presum ably overgrown and n o t d e te c te d  in  th e  10 d i lu t io n  of
th e  rumen l iq u id .  A presum ptive p o s i t iv e  c o lifo rm  t e s t  was
—2 - 3  —Ao b ta in ed  f o r  d i f f e r e n t  samples in  1 m l,o f th e  10 ,  10 , 10  
d i lu t io n s  of th e  rumen l iq u id  (1  ml, of d i lu t io n s  of rumen 
l iq u id  to  t r i p l i c a t e  tubes co n ta in in g  5 m l.o f McConkey 
b ro th ) .  The low d i lu t io n  in  which a  p o s i t iv e  re a c tio n  was 
observed confirm ed t i e  r e s u l t s  ob ta ined  by th e  p la t in g  
method th a t  th e  c o li-a e ro g en es  group o f b a c te r ia  a re  n o t 
norm ally p re se n t in  la rg e  numbers in  th e  rumen.
(c )  P ro teu s  group. No growth of b a c te r ia  of the  P ro teus
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group was o b ta ined  on th e  medium dev ised  by Z a re tt  & D oetsch
( 19A9 ) f o r  th e  s e le c t iv e  growth of organisms of th i s  group.
T his medium co n ta in ed  sodium r ic in o le a te ,  u re a , y e a s t
e x tr a c t ,  KH2PO4., K^HPOĵ  and N a d ;  i t  had a pH of 6 .9  and
co n ta in ed  c re s o l  re d  as in d ic a to r .  Two samples of rumen
liq u id  from  each animal were examined.
(d ) Spore-forming; b a c i l l i  in c lu d in g  C lo s t r id ia . Rumen
l iq u id  was h ea ted  to  8o °C .f o r 15 m in .to  d es tro y  v e g e ta tiv e
forms o f b a c te r ia  and th en  p la te d  on g lucose-pep tone-*Y eastre l*
ag a r . From 1 m l.o f a 10~3 d i lu t io n  of rumen l iq u id  1 to
8 co lo n ie s  developed during  aero b ic  in cu b a tio n  and 0  to  10
c o lo n ie s  developed in  carbon d io x id e . In  cooked meat
medium (Mackie & McCartney, 1942) a  d iv e rs e  f l o r a  developed,
w hich, on s u b c u ltu re .to  g lucose  agar deeps, gave ap p aren tly
uniform  growth throughout the  deep and th u s  f a i l e d  to
in d ic a te  the  p resence  of any s t r i c t  anaerobes.
On agar c o n ta in in g  g lu co se , (NH^^SO^ (no o rgan ic
n itro g e n )  and s a l t s  no growth of spare-fo rm ing  b a c i l l i  was
-2o b ta in ed  from  1 ml. o f th e  10 d i lu t io n  o f h eated  rumen 
l iq u id  during  in cu b a tio n  in  carbon d io x id e . No n itro g e n -  
f ix in g  spare-farm ing  anaerobes of trie C lostrid ium  pasteurianum  
group were d e te c te d  on pour p la te s  o f Winogradsky*s medium
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(S tephenson, 1930) in o c u la ted  w ith  1 m l.o f u n d ilu te d  hea ted  
rumen l iq u id  and in cu b a ted  a t  37°C .in  an atmosphere of 
n itrogen*  The few co lo n ies  which d id  develop were of the  
B a c il lu s  s u b t i l i s  group o r were c a ta la s e -p o s i t iv e  rods 
having te rm in a l sp o re s .
(e )  N on-sparing anaerobes. Growth of anaerobes unable  
to  u t i l i s e  g lu co se  b u t capab le  of o b ta in in g  energy by th e  
sim ultaneous breakdown of e th an o l and s a l t s  o f lower f a t t y  
ac id s  was o b ta in ed  by Born s te in  & B arker (1948) on a  medium 
c o n ta in in g , in  ad d itio n  to  e th an o l and sodium a c e ta te ,  
y e a s t  e x t r a c t ,  sodium c a rb o n a te , s a l t s  and sodium th io g ly c o l la te .  
When unheated  rumen l iq u id  was p la te d  on th i s  medium and 
th e  p la te s  in cu b a ted  in  hydrogen o r carbon d io x id e , co lo n ie s  
o f S tre p , bo v is  w ith  a  few co lo n ie s  o f *Type A* and sp o re - 
forming rods of th e  B. s u b t i l i s  group were o b ta in ed . The 
t o t a l  count on th i s  medium v a rie d  from  33 x 1(A to  600 x  1(A 
b a c te r ia  p e r ml.rumen l iq u id .
A ttem pts to  grow s t r i c t l y  anaerob ic  b a c te r ia  from 
rumen l iq u id  u sing  th e  l a c t a t e  medium d e sc rib e d  by B hat &
B arker (1947) fo r  th e  c u l t iv a t io n  of B u ty r ib a c te r , o r 
p ro p io n ic  a c id  b a c te r ia ,  e .g .V e i l lo n e l la  s p e c ie s , were n o t
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s u c c e ss fu l. T h is medium ( p .79) co n ta in ed  sodium l a c t a t e ,  
y e a s t a u to ly s a te ,  s a l t s  and soiiium th io g ly c o l la te .  Pour 
p la te s  were p rep ared  and incu b ated  in  th e  u su a l way in  
j a r s  which were evacuated , then  f lu sh e d  out and r e f i l l e d  
w ith  carbon d io x id e . L a te r  r o l l - tu b e s  were used  in s te a d  
of p la te s .  O rdinary 6 x  /̂g in .tu b e s  co n ta in in g  2 ml. 
medium were p laced  in  b o ilin g  w ater to  m elt th e  agar and 
d r iv e  out th e  a ir*  A rubber bung f i t t e d  w ith  s u i ta b le  tub ing  
was im m ediately in s e r te d  and a ra p id  stream  of carbon d io x id e  
was passed  th rough  a s t e r i l e  c o tto n  wool f i l t e r  and then  
th rough  th e  medium. The tube was in o c u la te d , COp was passed  
through again  and then  the bung co n ta in in g  th e  g la s s  tub ing  
was qu ick ly  removed and re p la ce d  by a s o l id  ru b b er bung.
F in a l ly ,  th e  tubes were ro lle d  in  c h il le d  water to  g iv e  
a  th in  f i lm  of medium on the s id es  of th e  tube  and in cu b ated , 
bung downwards, a t  37° CS* The predominating and f re q u e n tly  
th e  only organism  on th i s  medium a f t e r  in c u b a tio n  a t  37°  was 
t h a t  d e s ig n a ted  Type A (p .7 6 ) ,  a  f a c u l ta t iv e  ae ro b ic  Gram- 
p o s i t iv e  b acte riu m . Minute co lo n ies  in  r e l a t i v e ly  la rg e  numbers 
(compared w ith  Type A) were v i s ib le  in  some tu b es  and may have 
been Y e il lo n e lla  sp .b u t th e se  have no t y e t  been f u r th e r  
in v e s t ig a te d . They might eq u a lly  w ell have been co lo n ies  of
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S tre p .b o v is  which w hile  f a i l in g  to  u t i l i s e  NK^-N fo r  growth 
appeared to  o b ta in  s u f f ic ie n t  organic n itro g e n  from  th e  
y e a s t  a u to ly s a te ,  as fo r  in s ta n c e  in  th e  B o m ste in  and 
B arker medium, to  develop in  th e  absence of peptone,
( f )  Enrichm ent c u l tu re s  in  s t e r i l e  rumen l iq u id . These 
c u l tu re s  were p repared  in  an endeavour to  o b ta in  in d ic a tio n s  
of a  s u i ta b le  method of approach to  th e  problem o f th e  
la b o ra to ry  c u l t iv a t io n  of th e  rumen m icro-organism s.
S tra in e d  rumen l iq u id  a f t e r  s t e r i l i s a t i o n  in  the  
au to c lav e  had a pH between 8 & 9 and was a d ju s ted  a f t e r  
a u to d a v in g  to  pH 6 .8  u s in g  a sc e p tic  tech n iq u e . 80 m l.o f 
medium was p la c e d  in  100 ml. co n ica l f la s k s  so t h a t  the  
f la s k s  were f i l l e d  to  th e  neck to  reduce  th e  oxygen te n s io n  
as much as p o s s ib le . One s e r ie s  o f f la s k s  was s e t  up co n ta in in g  
equal q u a n t i t ie s  of au toclaved  rumen l iq u id  and g lu co se  b ro th  
and in  a  second s e r ie s  peptone and Lemco were d isso lv ed
in  80 m l.o f th e  rumen l iq u id .  A dd itions of maize s ta rc h  
g ra in s  or s t r i p s  of to rn  f i l t e r  paper were made to  th e  medium 
co n ta in in g  u n d ilu te d  rumen l iq u id  ( s e r i e s  2 ) . A ll th e  media 
were s t e r i l i s e d  in  th e  a u to c lav e , b o ile d  and then  cooled to
t
AQ°C.and im m ediately in o c u la te d  w ith  1 m l.o f f r e s h  s t r a in e d  
runen  l iq u id  and incu b ated  a t  37°C. The pH of th e  medium ro se
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to  between pH 8 .7  and 9*0 a f te r  7 days in  th e  absence of 
added carbohydrate  and f e l l  to  between 4 .0  and 5 .0  in  th e  
p resen ce  of g lucose  o r s ta r c h .
The development of th e  m ic ro flo ra  was observed by 
m ic ro sco p ica l exam ination. The m ic ro flo ra  was i n i t i a l l y  
very  d iv e rse  b u t in  th e  presence of g lucose  o r s ta r c h  
g ra in s  G ram -positive  cocc i u s u a lly  predom inated and were 
c lu s te re d  around th e  s ta rc h  g ra in s  a f t e r  24 h r .  Decomposi­
t io n  o f th e  s ta rc h  g ra in s  was w ell advanced by th e  th i r d  
day of in cu b a tio n  and in  th e  p resence  o f peptone and ’Lemco* 
only  a  few hollow ed-out g ra in s  rem ained a f t e r  th re e  days.
A p ro p o rtio n  o f  th e  cocci a s so c ia te d  w ith  th e  s ta rc h  g ra in s  
gave a b lu e  co lour w ith  io d in e  and some io d o p h ilic  rods 
were a lso  observed r e g u la r ly .  No i s o la t io n s  were attem pted  
a t  t h i s  s tag e  b u t subsequent work (P a r t  2) has shown th a t  
a t  l e a s t  a  p ro p o rtio n  o f  the  cocci must have been S tre p .b o v is . 
The number of io d o p h ilic  b a c te r ia  d ecreased  from th e  4 th  to  
th e  7 th  day o f in cu b a tio n  and the  lo s s  of io d o p h ilic  
p ro p e r t ie s  was most ra p id  in  th e  absence o f added carb o h y d ra te .
Decomposition of f i l t e r  paper s tr ip s  in the cu ltu res 
containing s te r i l e  rumen l iq u id , peptone and 1Lemco* was 
slow, becoming v is ib le  only a f te r  7 days. In  the absence
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of peptone or in the presence of starch or glucose the 
decomposition was s t i l l  slower. The b ac teria  associated 
with the decomposing f i l t e r  paper were mainly Gram-positive 
rods whereas in  the rumen the decomposition of cellu lose  
has been shown to  be associated with cocci more frequently 
than with rods. The pH of the media became alkaline 
whereas in  the rumen the products of ce llu lose  decomposi­
tio n  are mainly acid.
(g) Cellulose-decomposing b ac te ria . Decomposition cf 
ce llu lo se  ( f i l t e r  paper s tr ip s )  was obtained not only in  
flasks containing reinforced  autoclaved rumen liq u id  
(s e e  p .85 ) but was also  obtained regu larly  in  tube 
cultures containing half-immersed s tr ip s  of f i l t e r  paper 
when a heavy inoculum (1 ml. fresh  rumen liq u id  to  5 ml. 
medium) was used. With a smaller inoculum growth of 
cellulose-decomposing bac te ria  was only occasionally 
obtained. Decomposition of the f i l t e r  paper was very 
slow and was usually  not detected u n ti l  a f te r  incubation 
a t  37° fa r  about 10 days.
Decomposition of f i l t e r  paper was obtained in 
b ro th , s te r i l e  rumen liq u id  or in a simple s a l t  so lu tion  
(Kellerman & McBeth, 1912) but most cu ltures of ce llu lo se -
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decomposing b a c te r ia  died out a f te r  a few tra n s fe rs  when 
incubated in  carbon d ioxide. The morphology of th ese  mixed 
cu ltu re s  d id  not appear to  be d if fe re n t from th e  morphology 
of the  cu ltu re s  grown under aerobic co nd itions. The micro­
f lo r a  of the aerobic cu ltu re s  remained d iv erse  in  morphology 
even a f te r  many su b cu ltu res . The r a te  of decomposition was 
very slow esp ec ia lly  in  the simple s a l t  so lu tio n s  though 
th is  could be improved s l ig h t ly  by the add ition  of sodium 
a c e ta te  and e sp e c ia lly  by the add ition  of y east au to ly sa te  
but was reduced in  the presence of O.O^o sodium th iog lyco ll& te . 
I t  was obvious th a t  these  aerobic cellulose-decom posing 
b a c te r ia  were u n lik e ly  to  be of importance in  the rumen.
The r e s u l ts  of th is  prelim inary  work were very 
s im ila r  to  those obtained by S ijp e s te ijn  (1948) in  her 
prelim inary  s tu d ie s .
In  1947 Hung a te  had repo rted  the is o la t io n  from 
the rumen of b a c te r ia  capable of decomposing c e llu lo se  ra p id ly  
and he b e lieved  th a t  these  b a c te r ia  were resp o n sib le  fo r  most 
of the c e llu lo se  decomposition in  the rumen. F u ll d e ta i ls  of 
the methods used by Hungate were not published u n t i l  1950.
In  the  meantime S i jp e s te i jn  (1948) using methods based on 
Hungate*s work had a lso  obtained ac tiv e  decomposition of 
c e llu lo se  in  lab o ra to ry  c u ltu re  and had succeeded in  obtaining
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pure c u ltu re s  a lthough  mixed c u l tu re s  were found to  be more 
r e l i a b l e  i f  no t e s s e n t ia l  fo r  th e  m aintenance of th e  vi ah-n i fry 
o f th e se  s t r a in s .  In  th e  p re sen t work su cc e ss fu l growth of 
cellu lose-decom posing  b a c te r ia  in  la rg e  numbers has now 
been achieved  using  th e  methods of Hungate and S i jp e s te i jn .
The medium c o n s is te d  of a s a l t  so lu tio n  co n ta in in g  e i th e r  
peptone o r s t e r i l e  rumen l iq u id ,  y e a s t a u to ly s a te , sodium 
th io g ly c o l la te ,  sodium b ica rb o n a te  and agar and was 
s a tu r a te d  w ith  oxygen-free carbon d io x id e .
In  p re lim in a ry  t r i a l s  two d i f f e r e n t  s a l t  so lu tio n s  
( S i jp e s t e i j n ,  194-3) were used to  which 0*25/^ peptone or 
bCfo au to c lav ed  rumen l iq u id  was added. Both so lu tio n s  
gave much more vigorous decom position o f c e l lu lo s e  in  th e  
p resence  o f peptone th an  in  the  p resence of s t e r i l e  rumen 
l iq u id .  This rumen l iq u id  was t r e a te d  by th e  method used 
by S i jp e s te i jn  (1948) to  p reven t th e  pH from becoming 
a lk a l in e  during au to o lav in g , (To th e  s t r a in e d  rumen 
l iq u id  1fa o f a 25/b so lu tio n  of calcium  c h lo r id e  was added 
to  remove some of the  carbonate  and, a f t e r  th e  removal o f 
th e  sedim ent in  a  S harp ies  c e n tr ifu g e  a t  25,000 r . p .m .fo r 
20 n u n ., th e  su p ern a tan t l iq u id  was s t e r i l i s e d  in  th e  a u to c la v e ) . 
There was l i t t l e  d if fe re n c e  in  the v igour o f the  decomposi­
t io n  w ith  th e  d i f f e r e n t  s a l t  s o lu tio n s . The one chosen f o r
subsequent use had th e  fallow ing percentage composition; 
K2HPO4 , 0 . 06 ; KH2P04 , 0.C4; O.O^J H a d , 0 .1 2 ;
MgSÔ ..7H2O, 0.02; CaCl2.6B20» 0.02; FeSO ^.^O , 0.001;
in  tap  w ater. Yeast au to ly sa te  was prepared by the  method 
of Davis (1935) and s te r i l i s e d  w ith the s a l t  so lu tio n s  and 
peptone. The agar (New Zealand type) as a 2p so lu tio n  was 
autoclaved sep a ra te ly . Sodium th io g ly c o lla te  and sodium 
bicarbonate  were both s te r i l i s e d  by S e itz  f i l t r a t i o n  and 
added to  the medium immediately before use to  g ive a f in a l  
concen tration  of Q.O^t and 0»l$9 re sp e c tiv e ly .
The s t e r i l e  medium was used in  q u a n titie s  of 
e i th e r  80 m l.in  b o ilin g  tu b es, or 15 m l.in  t e s t  tubes, in  
/ which s t r ip s  of f i l t e r  paper or a complete r o l l  of f i l t e r  
paper placed ag a in st the inner w all of the tube had been 
p rev iously  s te r i l i s e d .  Carbon dioxide freed  from tra c e s  of 
oxygen by passage through chromous acid so lu tio n  (Hungate, 
1950) and s te r i l i s e d  by passage through s t e r i l e  co tton  wool 
was passed through the medium befo re  and a f te r  in o cu la tio n , 
the  c u ltu re  tube being closed w ith a rubber bung f i t t e d  w ith  
s u ita b le  in le t  and o u tle t  tubes. This rubber bung was then 
quickly removed and rep laced  by a s t e r i l e  so lid  bung. The
omedium was allowed to  s o lid ify  and the tubes incubated a t 37
The o n se t of c e l lu lo s e  decom position cou ld  be re a d i ly  
observed on the  f i l t e r  paper s t r i p s  or r o l l s .  S igns of 
decom position were u s u a lly  ev iden t in  s o l id  medium w ith in  
3 days in  prim ary c u ltu re s  in o c u la ted  from  a ICT^ d ilu t io n  
o f f r e s h  s t r a in e d  rumen l iq u id .  The decom position of the  
c e l lu lo s e  appeared  (1 ) as c o lo u r le s s  h o les  or ’plaques* 
from  which th e  c e l lu lo s e  had com pletely d isap p ea red ,
(2 ) as a reas  o f yellow  pigm entation  u su a lly  no t showing 
com plete d is in te g ra t io n  o f th e  f i l t e r  p ap er, and (3 ) o c ca s io n a lly  
as a reas  of orange-yellow  p igm enta tion . The c o lo u r le ss  
* plaques* u s u a lly  predom inated and v a rie d  in  number, o f te n  
50 to  100 in  an a re a  of about 5 sq .cm .of f i l t e r  paper in  
15 ml.medium in  th e  sm alle r tu b e s . T h is i s ,  of cou rse , an 
under e s tim a te  of th e  t o t a l  number o f cellu lose-decom posing  
b a c te r ia  in  th e  inoculum s in c e  i t  in c lu d es  only th o se  in  
c o n tac t w ith  th e  f i l t e r  paper. C occi, m orphologically  
in d is t in g u is h a b le ,  were always a sso c ia te d  w ith  decom position 
of ty p es  1 and 2 and la rg e  rods w ith  te rm in a l spores w ith  type 3« 
In  l iq u id  media of th e  same com position the 
decom position o f th e  f i l t e r  paper was even mare ra p id  and in  
th e  more a c tiv e  c u ltu re s  was ev id en t in  1 day, co n sid erab le  
decom position being  o b ta ined  in  2 to  3 days. The f i l t e r
paper in  the liq u id  cultures usually  became b rig h t yellow, 
th in , and weak and f in a lly  a f te r  prolonged incubation s e ttle d  
to  the bottom of the tube as a deposit of shredded f ib re s . 
Although cocci were usually  the predominating micro-organisms 
on the decomposing f i l t e r  paper, rods and spirochaetes were 
often  abundant in  the medium surrounding the f i l t e r  paper.
The cu ltu res in  liq u id  media were tran sfe rred  to  fresh  
medium as soon as the f i l t e r  paper began to  weaken, usually  
every 2 to 4 days but a f te r  about 5 to  6 tran s fe rs  the 
a c tiv ity  of the cu ltu re  gradually decreased. The same stage 
of decomposition of the f i l t e r  paper in  the next tra n s fe r  
might then take 10 to 13 days and the following one 15 to  
30 days.
The cu ltu res in  liq u id  media remained apparently 
as mixed a fte r  say 10 tran sfe rs  as in  the primary cu ltu res.
An attempt was made to reduce the acconpanying m icroflora 
by washing the decomposing f i l t e r  paper between tra n s fe rs .
The paper was suspended in  Ringer’s solution containing 
sodium th io g ly co lla te  and well shaken to give a suspension 
of the paper f ib re s . This was centrifuged lig h tly  and the 
sediment resuspended in fresh  Ringer’ s so lu tion . Five 
washings in  a l l  were used. The re su ltin g  suspension was
d i lu te d  and then  a lo o p fu l from each d i lu t io n  7/as 
t r a n s f e r r e d  to  f r e s h  l iq u id  medium. I t  was found th a t  bo th  
ro d s  and co cc i were s t i l l  a sso c ia te d  in  a l l  d i lu t io n s  showing 
decom position of the  f i l t e r  paper and th a t  l i t t l e  o r no 
p u r i f ic a t io n  o f the  m ic ro flo ra  had occu rred .
S u b cu ltu re  from  ’ p laques *. An attem pt was made to  i s o la te  
the  cellu lose-decom posing  b a c te r ia  by su b cu ltu re  from areas 
of decom position of f i l t e r  paper s t r i p s  in  s o l id  media.
The plug of agar was shaken or pushed out of the  tubes in to  
a s t e r i l e  P e t r i  d ish  and p o rtio n s  of th e  decomposing 
c e l lu lo s e  around the ’p laq u es ' were t r a n s fe r r e d  to  f r e s h  
l iq u id  medium. A few c u ltu re s  were o b ta ined  of th e  unpigmented 
grow th b u t th e  a c t i v i t y  of th e  c u ltu re s  was r a p id ly  l o s t  and 
f u r th e r  a ttem p ts  to  o b ta in  pure o r l e s s  -mixed c u l tu re s  have 
n o t y e t  been made.
E f fe c t  o f vary ing  th e  sources o f n itro g e n . In  th e  absence 
o f peptone c e l lu lo s e  decom position was l e s s  marked but 
appeared to  be in c re a se d  s l ig h t ly  by in c re a s in g  th e  amount 
of (NH^gSO^. In c re a se  in  (N H ^SO ^ had no apparent 
e f f e c t  on th e  a c t i v i t y  of th e  c u ltu re s  in  th e  p resence  of 
pep tone. C u ltu re s  were c a r r ie d  through nine t r a n s fe r s  in  
th e  absence of peptone b u t f a i l e d  to  show decom position o f
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c e l lu lo s e  a t  th e  10 th  t r a n s f e r  u n le ss  peptone was again 
added.
E f fe c t  o f th e  source o f  th e  c e l lu lo s e .  Decomposition o f 
f r e s h  s t e r i l e  b lad es  of g ra ss  (C ocksfoot) was ob ta ined  as 
th in  p a tches and h o les  in  the  b lades in  6 days w ith  advanced 
decom position in  10 days when th e se  were used  in s te a d  of 
f i l t e r  paper s t r i p s .  ’ Cellophane* became yellow  and 
p a tches of cocc i and rods were massed on the su rfa c e . 
D ecom position o f  d r ie d  g ra ss  meal was not r e a d i ly  d e te c te d  
m ic ro sco p ica lly  but th e re  appeared to  be sons a c tio n  
a s so c ia te d  w ith  bo th  ro d s  and c o cc i.
A d d ition  o f a c e ta te . The ad d itio n  o f 1 ml, o f a  m olar 
s o lu t io n  o f sodium a c e ta te  which had been a d ju s te d  to  pH 7*0 
( th e  pH of tiie medium) w ith  a c e t ic  a c id , in c re a se d  th e  r a t e  
o f c e l lu lo s e  decom position. As in  th e  absence of a c e ta te ,  
a  g rad u a l lo s s  o f  a c t i v i t y  in  the  c u ltu re s  occurred  a f t e r  
re p e a te d  t r a n s f e r s .  The m icro-organism s a s so c ia te d  w ith  
th e  f ib r e s  were u s u a lly  c o cc i although rods o f vary ing  
morphology and sp iro c h ae te s  were p re se n t in  th e  c u ltu re  
medium.
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Summary and C onclusions to  P a r t  5.
Normal in h a b ita n ts  of th e  i n te s t in e  of animals 
such as th e  co li-a e ro g en es  group, en te ro co cc i and th e  
P ro teu s  group were shown to  be few o r ab sen t from th e  rumen 
of c a t t l e .  L a c to b a c i l l i  were o c ca s io n a lly  encountered on 
th e  s ta r c h  agar p la te s  used to  i s o la t e  S tre p .b o v is  from 
the  rumen of th e  a d u lt rum inan t. L arger numbers o f 
L a c to b a c i l l i  were i s o la te d  from the  rumen a t  c a lv e s  u sing  
a medium co n ta in in g  ’Tween 80’ which appeared to  be more 
s u i ta b le  fo r  th e  growth of th e se  l a c t o b a c i l l i  than  th e  m edia 
used  in  the exam ination of th e  rumen l iq u id  of a d u lt c a t t l e .
A G ram -positive  non-sporing ro d , d e sig n a ted  Type A,
and m orpholog ically  s im ila r  to  the  Coryn© bacteria was
fre q u e n tly  is o la te d  on th e  s ta r c h  agar p la te s  in  a d d itio n
to  S tr e p .b o v is . The numbers of Type A were very v a r ia b le
and much low er than  th o se  of S tre p .b o v is . The mean count
fo r  26 samples o f rumen l iq u id  from  a  h e i f e r  w ith  a  rumen
f i s t u l a  was 111 x 10^ p e r ml. and fo r  samples from  a s te e r  
„ L
i t  was 35 x 10 p e r ml.
A few p re lim in a ry  experim ents were made in  the  
c u l t iv a t io n  o f anaerobes such as C lo s t r id ia  and V e il lo n e lla  
on s o l id  media b u t th ey  were u n su cc e ss fu l.
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R apid decom position of c e l lu lo s e  was obtained  
u sin g  th e  methods o f Hungate and S i jp e s te i jn  b u t the 
development o f such methods has been postponed u n t i l  a f t e r  
th e  more d e ta i le d  study of S tre p .b o v is  i s  com pleted.
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G e n e ra l  D is c u s s io n .
A S t r e p to c o c c u s  c a p a b le  o f  h y d ro ly s in g  s t a r c h  was 
p e r s i s t e n t l y  en co u n te red , d u r in g  p r e l im in a ry  a t te m p ts  t o  
o b t a in  p u r e  c u l t u r e s  o f  b a c t e r i a  fro m  th e  rum en o f  tw o oxen . 
T h is  S t r e p to c o c c u s  was s u b s e q u e n t ly  i s o l a t e d  on a lm o s t e v e ry  
o c c a s io n  when rum en c o n te n t s  fro m  c a t t l e ,  s h e e p , g o a ts  and 
c a lv e s  w ere  exam ined  b y  s u i t a b l e  te c h n iq u e s .  A l l  th e  
s t r a i n s  conform ed  to  t h e  d e s c r i p t i o n s  o f  S t r e p .b o v i s  g iv e n  
b y  Q r la r J e n s e n  (1 9 1 9 )  and Sherm an (1 9 3 7 ) b u t ,  u n l ik e  th o s e  
exam ined  b y  S herm an , th e y  showed o n ly  o c c a s io n a l  d i f f e r e n c e s  
i n  t h e i r  f e r m e n ta t io n  r e a c t i o n s  and  ev ery  s t r a i n  was fo u n d  
t o  h y d ro ly s e  s t a r c h .  T h i s ,  more t h a n  any o th e r  b io c h e m ic a l  
c h a r a c t e r i s t i c ,  was u s e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n s  t o  
d i s t i n g u i s h  S t r e p .b o v i s  fro m  o th e r  S t r e p t o c o c c i .  S h a t to c k  
(1 9 4 9 ) show ed b y  s e r o l o g i c a l  m ethods t h a t  S t r e p .b o v i s  i s  
r e l a t e d  m ore c l o s e l y  t o  t h e  E n te ro c o c c i  t h a n  t o  t h e  V ir id a n s  
g ro u p , i n t o  w h ich  i t  was p la c e d  b y  Sherm an . T h is  i n d i c a t e s  
t h a t  S h e rm a n 's  g ro u p in g  o f  th e  S t r e p to c o c c i  i s ,  t o  some 
e x t e n t ,  a r b i t r a r y ;  i t  does n o t  make th e  i d e n t i f i c a t i o n  o f  
S t r e p .b o v i s  b y  Sherm an’ s  m ethod l e s s  r e l i a b l e .
T he num bers o f  S t r e p .b o v i s  i n  t h e  rum en l i q u i d  
o f  c a t t l e ,  s h e e p , and  g o a ts  w ere  fo u n d , a lm o s t i n v a r i a b l y ,
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"bo be w ith in  th e  ran g e  10^ — 10^ p e r  ml* Moreover* in  the 
two oxen which were examined over long p e r io d s , th e  nunbers 
were no t s ig n i f ic a n t ly  a l te r e d  by th e  changes from  s t a l l  
to  p a s tu re  feed in g  and v ic e  versa* I t  i s  p ro b ab le , however, 
th a t  th e  lum bers o f S trep*bov is  would have been  h ig h e r in  
anim als re c e iv in g  more carb o h y d ra te , s in c e  an in c re a s e  in  
th e  numbers of t h i s  organism  occurred  in  v i t r o  when rumen 
l iq u id  was in cu b a ted  w ith  added m altose or s ta rch *  Hungate, 
D ougherty, B ryan t and C ello  (1952) found t h a t  th e  ad d itio n  
o f  g ra in  o r  g lu co se  to  th e  rumen o f sheep on a  d i e t  o f hay 
te m p o ra rily  in c re a se d  th e  numbers of S treppbov is  from le s s  
th a n  10^ to  more th a n  10^ p e r  ml* The d ecrease  in  numbers 
which occurred  a f t e r  th e  maximum va lu e  had been  reached  was 
p robab ly  caused by th e  pH of th e  rumen c o n ten ts  which f e l l  
t o  v a lu es  below 5*0 a f t e r  th e  a d d itio n s  o f g ra in  o r  glucose*
In  th e  p re se n t in v e s t ig a t io n s  pH va lues below 5*0 were found 
to  be r a p id ly  l e t h a l  to  S trep*bov is i n  v itro *
M icroscop ical exam ination o f  rumen co n ten ts  showed 
th a t  on ly  a  whaI I  p ro p o rtio n  o f th e  rumen m icro-organism s 
c o n s is te d  o f G ram -positive  c e l l s  of th e  same shape and s iz e  
as S trep*bovis*  Moreover, th e  numbers o f S trep*bov is 
determ ined  by v ia b le  counts were exceeded a t  l e a s t  one thousand­
fo ld  by th e  numbers o f o th e r m icro-organism s determ ined  by 
d i r e c t  m icroscopic counts* I t  must be concluded, th e re fo re ,  
t h a t  th e  m etabolism  in  the rumen of anim als on a  normal 
d i e t  a t  s t a l l  o r a t  p a s tu re  i s  a f fe c te d  to  on ly  a  sm all 
degree  by S trep .b o v is*  The a c t i v i t i e s  o f th e  organism  
may, however, be more im portan t in  anim als which a re  
re c e iv in g  h ig h e r p ro p o rtio n s  of so lu b le  carbohydrate  
o r s ta r c h  in  t h e i r  d ie t*  Hungate e t  a l  (1952) observed 
th a t  th e  a d d itio n  o f  g lucose  o r  g ra in  to  th e  rumen caused 
an in c re a s e  in  th e  c o n ce n tra tio n  o f l a c t i c  a c id  as  w e ll 
as an in c re a s e  in  th e  number o f S trep*bovis* S ince  
S trep * b o v is  i s  known to  produce l a c t i c  a c id  from g lucose  
(W hite and Sherman, 1943) i t  i s  p o s s ib le  t h a t  th e  in c re a se d  
l a c t i c  a c id  co n ten t of th e  rumen was due to  th e  a c t i v i ty  
o f t h i s  organism* On th e  o th e r  hand th e re  may be la rg e  
numbers o f o th e r  rumen m icro-organism s which a re  a b le  to  
produce l a c t i c  a c id  from glucose* I n  th e  p re se n t in v e s t ig a ­
t io n s  th e  in  v i t r o  in cu b a tio n  of rumen l iq u id  w ith  added 
m altose  le d  to  an in c re a se  in  i t s  t u r b id i ty ,  and Pearson 
and Smith (1943b) observed corresponding  in c re a se s  of 
p ro te in  n itro g en  under s im ila r  cond itions*  The numbers o f 
S trep*bov is  were to o  sm all to  account f o r  th e se  observed
-100-
in c re a s e s  and i t  i s  c le a r  th a t  m u lt ip l ic a t io n  o f la rg e  numbers 
o f o th e r  m icro-organism s o u s t have occurred* L i t t l e  i s  
known about th e  b iochem ical re a c tio n s  of th e s e  o th e r  
organism s, and th e  need to  grow them in  p u re  c u ltu re  
i s  ev ident*  U n ti l  t h i s  has been done i t  w i l l  be im p o ssib le  
to  a ss e s s  f u l l y  th e  c o n tr ib u tio n  of S trep* bov is  t o  rumen 
metabolism*
-  101 -  
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